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INTRODUCTION 
  
Maxillary expansion as an orthodontic treatment modality for 
transverse maxillary constriction has been undertaken since 1860’s. 
Angell first described this method and it was popularized by Haas 100 
years later. Since then many types of rapid maxillary expansion appliance 
have been developed with different rates of expansion and different 
protocols. Undesirable side-effects with conventional RME includes 
limited skeletal movement, more dentoalveolar tipping, detrimental 
periodontal effects, marginal dehiscence and lack of long-time stability. 
Due to greater interdigitation of mid-palatal suture in older 
patients. Some authors confirm that expansion of maxilla is not feasible 
after adolescence and SARPE would be needed. 
Surgically assisted RME has commonly been used to overcome the 
resistance and release the sutures that resist expansion forces in adults 
However, the limitations of surgery are surgical morbidity, high cost, 
periodontal complication and large amount of relapse during post-
retention phase and there are patients who decline surgery. Recently 
successful expansion of mid-palatal suture has been reported by 
employing non-surgical expansion even in adults. 
The use of orthodontic mini-implant as auxillary anchorage along 
with expander to optimize the application of mechanical forces to circum-
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maxillary sutures, can eliminate the need for osteotomies to split the 
palate.  
Recently, clinicians have effectively employed micro-implants 
with palatal expander designs to serve as anchor to the palate to achieve 
more efficient skeletal expansion and to reduce undesired dental effects. 
Several designs of mini-implant supported rapid palatal expansion are 
available. They vary in design, location, activation protocol and size of the 
implant. Bone-borne expansion has been shown to produce larger 
transverse skeletal expansion while lessening dental side effects such as 
dental tipping, vertical alveolar bone loss and alveolar bending.  
Bone-borne palatal expansion relies on skeletal anchorage obtained 
through mini-implants to directly apply force to the basal bone. However, 
there have been some concerns regarding the stability of the bone-borne 
expansion. Mini-implant stability is essential for successful skeletal 
orthopedic expansion. Stability of mini-implant and their success depends 
on several factors including the magnitude and direction of the applied 
force; insertion site; quality of cortical bone; surface contact area in 
cortical bone; length, depth, diameter, thread configuration, and shape of 
the mini-implant; and patient's age.  
Although no specific reports have analyzed mini-implant failure 
rates during bone-borne expansion in mature patients, such failure rates 
are likely to be higher than in orthodontic tooth movement because of the 
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increased magnitude of the applied force necessary to split the 
interlocking suture.  
MARPE was introduced by Lee et al, this is a hybrid expander 
which utilizes both skeletal anchorage with miniscrew and dentition for 
anchorage and stabilization. To increase the skeletal anchorage and in 
order to stabilize the appliance, further modifications of MARPE was 
introduced by Won Moon and his colleagues (Maxillary skeletal expander-
1 (MSE-1)) which is unique based on its position(placed superior and 
posterior aspect of the palate) and 4 implants engaging bicortically 
(cortical bone of palate and nasal floor).These differences attribute to 
more parallel expansion and disarticulates perimaxillary structures 
extending its impact on distant structures.But,a significant amount of 
dental tipping was reported due to the thickness of the connecting arms 
which is soldered to the molar bands. To overcome these drawbacks 
modifications were made to the original device. 
The purpose of this study was to evaluate the effectiveness of 
maxillary skeletal expander-2 and ascertain the skeletal and dental 
changes using cone beam computed tomography (CBCT). Specifically, the 
ability of the MSE to influence the mid-palatal and circum-maxillary 
sutures were to be evaluated. 
Cephalometric analyses are routinely used as an aid in diagnosis. 
However, these measurement systems are largely limited to simple 
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measurements comprising of angles and distances. Although norms and 
baseline information have been established, these linear measurements 
have inherent shortcomings. The 2-D image requires a 2-D analysis for 
adequate quantification. The 2D analyses are of very limited value in 
diagnosis of transverse discrepancies. 
The introduction of cone beam computed tomography (CBCT) in 
the orthodontic field and the development of new computer software allow 
to obtain multiplanar, 3-dimensional (3D) reconstructions to quantitatively 
evaluate the effects of rapid maxillary expansion (RME). 
The specific objective of this study is to use three-dimensional 
images to observe the changes that occur at the intermaxillary and inter-
zygomatic suture. Exploring the possibility of splitting in the midpalatal 
and pterygopalatine sutures and identifying the rotation of the maxillary 
and zygomatic bones in the coronal and axial planes. 
 Changes at the level of axial palatal plane, upper nasal section, 
lower nasal section, coronal zygomatic section would also be evaluated.  
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REVIEW OF THE LITERATURE 
Growth and Development of Maxilla 
The maxilla comprises of two distinct bones that connects to the 
cranial base through circummaxillary sutures which includes frontomaxillary, 
zygomaticomaxillary, zygomaticotemporal, and pterygopalataine sutures. The 
two halves of the maxilla articulate at the midline through the median palatal 
suture.
 69
 
The midpalatal suture develops at 12 weeks in utero and undergoes a 
period of accelerated growth and growth was originally thought to cease at 
around the age of 3 years
1
. According to Snodell et al., stated that the 
transverse dimension reached the adult size at the age of 6 years than vertical 
measurement for males and females
104
.  
It followed the sequence of transverse, followed by sagittal and vertical 
to reach adult size. Because of this, questions as to when the suture fuses and 
growth completes, this becomes important in treatment planning. It is known 
for a fact that the midpalatal suture does not fuse until 15-18 years of age and 
even older in some cases. Bjork found that the fusion of midpalatal suture 
occurred at an average age of 17 years.
17 
 
Melsen found the fusion of suture of the maxilla to be at 16 years in 
females and 18 years in males
83
, while Snodell et al.
104
 found that the 
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transverse growth was completed for majority of females at age 15 and at age 
17 years for males.  
A knowledge of the age of fusion of mid-palatal suture is essential in 
the timing of rapid maxillary expansion treatment, as the procedure is  
expected to be successful in patients that have not reached the age in which 
their midpalatal suture has fused. 
Implant study by Bjork and Skieller
17
 stated that growth in the 
median suture is a most important factor in growth maxillary width. Their 
studies showed that “In  transverse plane maxillae rotates in relation to each 
other during devolpment,in vertical plane it moves upward or downward and 
in sagittal plane it shifts forward.”  
According to Hideo Suzuki et al
 86
 Maxilla has three segments that 
should be considered for all clinical analyses, whether therapeutic or 
experimental. Before the incisive foramen or intermaxillary segment is 
referred as anterior segment, from the incisive foramen to the suture 
transversal to the palatal bone is taken as the middle segment, and the 
posterior segment extends after the suture transversal to the palatal bone.  
Clinical-therapeutic approaches and morphological often aim at the 
midpalatal suture, but does not include the anterior segment. Similarly, they 
occasionally aim at its posterior segment. 
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ETIOLOGY OF MAXILLARY CONSTRICTION  
Maxillary constriction is maxillary width that is narrower than the 
norms for a particular age group. In a recent malocclusion epidemiologic 
study, 20.81% of the 2,016 children studied presented with some form of 
maxillary constriction.
11 
There is no significant difference in prevalence of maxillary 
constriction between gender or ethnicity groups. Maxillary constriction can be 
due to genetic factors, environmental factors or a combination of both. Several 
craniofacial syndromes present with maxillary constriction, most markedly 
clefting of the palate.
69 
The cause of maxillary constriction is thought to be environmental. 
Alterations in respiration can cause posterior crossbites to develop. Studies by 
Harvold, Chierici and Vargervik
51
 showed blocking of nasal airways in 
rhesus monkeys led to obligate mouth breathers. Change in the respiration 
pattern led to lower tongue posture, rotation of the mandible, and less 
transverse development of the maxilla. 
Severe allergies and other respiratory issues may lead to the risk of 
developing maxillary constriction. Digit habits that continue till the mixed 
dentition have also been linked to the development of posterior crossbite due 
to the increased amount of intraoral pressure.
11
Some authors stated that the 
etiology for maxillary constriction is multifactorial. Without stating any 
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specific explanations, it is believed that the maxillary skeletal base, 
dentoalveolar processes and function all play a role in the development of a 
maxillary transverse discrepancy.
51 
HISTORY OF RAPID MAXILLARY EXPANSION 
Lateral maxillary expansion with midpalatal suture opening, often 
referred to as rapid maxillary expansion (RME) or rapid palatal expansion 
(RPE) is a procedure which  has been utilized in orthodontics and  dates back 
to 1860 . E.H. Angell
3 
described that the expansion of the upper arch provides 
space for maxillary canines, which was published in Dental cosmos.
 
But this  
could not be supported with radiographs as x rays were still to be discovered at 
that time.
9 
During the 1900s the concept of splitting the suture to expand the 
maxilla gained popularity .These years have been referred to as the “maxillary 
expansion years” by the orthodontists and rhinologists. Rhinologist Brown and 
many others, promoted maxillary expansion which included lowering of the 
palatal vault and increase in air volume.
97 
Rapid maxillary expansion as a means of increasing arch perimeter and 
width became a widespread area of search resulting in several clinical and 
animal studies on the subject in the mid-1900s.  
Haas’ clinical and pig study46described the opening of the suture, its 
effect on the surrounding structures and the corresponding buccal inclination 
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of the mandibular teeth. Graber advocated RME for the treatment of cleft lip 
and palate patients in the late 1940’s. 
Haas
47
 introduced what is now referred to as the Haas appliance in 
1950. It is a fixed split acrylic appliance and consists of an expansion screw 
with acrylic covering the soft tissue of the palate. The appliance is attached to 
the teeth with bands on the first molars and first premolars. Advocates of this 
tissue borne fixed appliance believed that more parallel expansion occured on 
the maxillary halves hence allowing force is evenly distributed on the teeth 
and alveolar processes, but also causing soft tissue irritation with this 
appliance. 
Many other authors
106
 have confirmed the finding that rapid maxillary 
expansion causes the palatal shelves to rotate upon opening resulting in the 
rotation of the palatal processes, alveolar processes and teeth. Histologic 
changes are also seen in the zygomaticomaxillary suture and the 
zygomaticotemporal sutures. 
William Biederman (1968)
15
 brought about an alternative design to 
the Haas appliance that was initially called the Biederman or Hygienic 
appliance, but later became known as the Hyrax.
17 
This appliance consisted of a metal framework with a center jackscrew 
supported by posterior teeth and no acrylic pads. This appliance is believed to 
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be more hygienic, provide greater comfort, and reduce irritation of the palatal 
mucosa compared to the Haas expander. 
Over time, numerous variations of the Hyrax have been made, but they 
are all called Hyrax appliances to distinguish them from the Haas appliance. 
Although the Hyrax appliance seemingly deliver lateral forces to the 
maxilla only through the anchored teeth, studies have reported that both tooth 
tissue-borne and tooth-borne expanders have a tendency to produce similar 
expansion effects. 
49
 
Persson and thilander (1977) studied on cadavers found that 5% of 
the suture was obliterated by age 25 years, and a 15-year-old cadaver had an 
ossified suture, while a 27-year-old cadaver had an unossified suture.
96 
 
Epker and wolford (1980) described the fact behind using orthopedic 
rapid maxillary expansion for patients above 16 years is due to the significant 
difficulties in fusion of various craniofacial sutures.
35
 
Howe et al. (1983)
 59
 claimed that RME should be considered in cases 
when associated with small dental arches, crowding as an alternative to 
extractions, providing additional space in the arch to relieve crowding.  
With rapid maxillary expansion, studies showed an increase in the arch 
perimeter of 4-4.7 mm in maxilla and 2.5 mm in  mandible.
1
 
Review of Literature 
 
11 
 
Sarver and Johnston et al (1989)
100 
using the lateral cephalograms 
studied skeletal changes in anterior  and vertical displacement of maxilla with 
bonded rapid palatal expansion appliances.They compared these changes with 
the reports which was given by Wertz who used similar measurements to 
assess skeletal changes between bonded and banded jackscrew appliance, 
stated that the vertical displacement of the maxilla (distance measured from 
SN to PNS), was significantly less in those patients who had the bonded 
appliance and also reported that the use of the bonded appliance resulted in the 
downward and anterior displacement of the maxilla may be diminished or 
negated.
118
 
Adkins et al. (1990)
1 
concluded that rapid maxillary expansion with 
Hyrax appliances produced an increase in maxillary arch perimeter of 
approximately 0.7 times the change in first premolar width. 
Ghoneima et al. 
42
 conducted a clinical study with CBCT imaging in 
early adolescents concluded that this suture cannot be split when tooth borne 
palatal expanders are utilized. 
Lee et al 
71
 (2010) treated a 20-year old patient with severe transverse 
discrepancy and mandibular prognathism. Preceding to orthognathic surgery, 
the patient used an expansion appliance secured to the palate by means of 
miniscrew (miniscrew-assisted rapid palatal expander/ MARPE). Expansion 
which was attained caused minimal damage to periodontium and teeth, with 
stable results confirmed clinically and by radiographic examination. The 
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author concluded that it is an effective treatment modality used for transverse 
correction and eradicate the need for few surgical procedures in patients with 
craniofacial discrepancies, thus taking advantage of the possibilities offered by 
the sutures. 
Lee’s studies 72, Park and Hwang, Moon 87 and MacGinnis et al 79 
developed the maxillary skeletal expander (MSE) with four miniscrews 
installed into the body of the expansion screw, parallel to the midpalatal 
suture. Each of the tube which facilitates the placement of the miniscrew was 
1.5 mm in diameter,and 2 mm in length.The tube and the miniscrew had the 
same diameter to minimize the lateral forces to the molar teeth. 
INDICATIONS AND CONTRAINDICATIONS OF RPE  
Indications for rapid maxillary expansion include Patients with a 
moderate upper arch crowding or unilateral or bilateral posterior crossbites
50
 
as a result of maxillary constriction may mainly benefit from RPE treatment. 
Individuals with anteroposterior discrepancies with a narrow upper jaw such 
as skeletal Class II, Division 1 
22
 and Class III malocclusion with borderline 
skeletal and pseudo Class III problems, Cleft lip and palate with collapsed 
maxillae are also RPE candidates.
 114 
The literature lists several contraindications for RPE treatment. 
Patients with single tooth crossbite, steep mandibular planes, anterior open 
bites  are generally not good candidates for RPE.
2  
Patients who have marked 
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skeletal problems including severe anteroposterior or vertical skeletal 
discrepancies are also not well-suited for RPE.
 16 
However, if orthognathic 
surgery is a part of the treatment plan, RPE may be used to facilitate the 
surgical treatment if transverse discrepancy exist between the maxilla and 
mandible. 
SKELETAL AND DENTAL EFFECTS OF RAPID MAXILLARY   
EXPANSION 
Rapid maxillary expansion produces a combination of skeletal and 
dental transverse changes and the effects of Rapid maxillary expansion 
appliances have been most widely investigated.
 33 
Clinical studies have reported varying amount of skeletal versus dental 
expansion. Proffit stated that the expansion achieved with RME is 50% 
skeletal and 50% dental.
 99
  
This was supported by many studies including Podessor’s evaluated 
the effects of RME using computed tomography in growing children and 
found skeletal expansion to vary from 25% to 53% of the total expansion.
 98 
Kreb (1964)
64
 stated that RME had different effects on the naso-
maxillary complex. Using posteroanterior cephalograms and mettalic implants 
were placed in patients, Krebs found that the average amount of expansion at 
the maxillary apical base the amount of expansion was 2.3mm , dental arches 
was 6.0mm, and the average increase in the nasal cavity was 1.4mm.  
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Hicks (1978)
54
, who had verified that the maxilla separates in a 
triangular fashion as viewed in the frontal plane and much of the dental arch 
expansion is a result of dental movement and this study was similar to the 
study done by kreb’s64. 
Wertz (1970) noted a triangular widening of the maxilla with the apex 
at the posterior nasal spine and its base anteriorly in the midline diastema 
which developed between upper central incisors. 
118 
 
Silva, Boas and Capelozza et al (1991) 
28
calculated the effects of 
RME in primary and mixed and reported that banded rapid maxillary 
expansion lead to the maxillary and mandibular downward and backward 
rotation causing an increase in the vertical dimension of the face. This increase 
was noted in the Upper facial height (N-ANS) as a outcome of the downward 
displacement of the maxilla, in the lower facial height (ANS-Me) as a 
consequence of the mandibular rotation, and  in the total anterior facial height 
(N-Me) because of the rotation of both the maxilla and the mandible. The 
downward displacement of maxilla and upper teeth caused an increase in the 
lower facial height.  
Davis and Kronman
33
 reported significant increase in maxillary 
intermolar and intercanine width after palatal expansion of 6.7 mm and                   
3.6 mm respectively. 
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Chung 
25 
using CBCT reported that the maxilla moved downward and 
forward during expansion in first premolar was about 9.7%  and 4.3% at the 
first molar level was due to crown tipping and concluded that the significant 
increase in most dental and skeletal measurements, dental tipping explained 
most of the expansion. 
Ghoneima et al
43
  reported during RME the midpalatal suture 
separated as  two halves and palate rotated laterally forming a triangular or 
wedge shaped opening where the apex is in the nasal cavity and the base is 
towards the oral cavity. 
Geran and Mcnamara
41 
noted an increase in the arch perimeter in  
maxilla, buccal movement of the alveolar processes and posterior 
teeth,because the appliance is anchored to the teeth due to which buccal 
tipping of the dentition is one of the most common and undesirable side 
effects of RME. 
Tausche et al.
115
 reported that a MARPE is a viable expansion 
technique, allowing for the protection of teeth and preventing buccal tipping of 
the posterior dentoalveolar segment by 10°. 
Lagravère et al.(2006)
 66
, evaluated the immediate post-expansion 
dental changes in the transverse dimension and reported an increase of 6.0-6.7 
mm in maxillary intermolar width, 5.35 mm increase in intercanine width, and 
an increase of 3.1  in the molar angulation. The mandibular intermolar width 
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increased of about 0.49 mm and was not statistically significant. Nasal cavity 
width increased 2.14 mm. Overall, increased changes in the dental and skeletal 
changes occurred in the transverse dimension. An average of 6.7 mm of 
expansion was noted when measured between maxillary molar crowns, 4.5 
mm expansion at the level of maxillary molar root apexes ,this supports the 
claim that RME using tooth-anchored appliances will cause tipping of the 
teeth of about 3,significant skeletal increase of 2-3 mm in maxillary 
interalveolar width measured from the buccal plates, showed a large portion of 
the true expansion must be dental rather than skeletal.
 66 
Lagravère et al. in 2005(systemic review)
67,
evaluated the long-term 
effects of rapid maxillary expansion and concluded that significant long-term 
maxillary molar width increase as well as consistent expansion of 2.2-2.5mm 
in the maxillary cuspid arch width. Expansion of mandibular molar and cuspid 
width was less in adults compared to children and 6mm increase in arch 
perimeter of maxilla and 4.5 mm in the mandible were achieved in 
adolescents, and no anteroposterior or vertical changes were related with 
RME. 
Garrett et al.
39
 reported that the skeletal expansion accounted of about 
55% of the total expansion at the first premolar, 45% in the second premolar, 
and 38% at the first molar. Alveolar tipping of about 6% at the first premolar, 
9% at the second premolar, and 13% at the first molar. Dental tipping of 39% 
at the first premolar, 46% at the second premolar, and 49% at the first molar.  
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Kartalian et al. with the use of  CBCT and found no statistically 
significant amount of dental tipping which was in contrary to Garrett study, 
but did find significant alveolar tipping as compared to control.
63
 
Hicks et al (AJO 78) 
54
concluded that the maxillae tipped between – 
1° and +8° relative to each other. This tipping explained the discrepancy 
observed between molar and sutural expansions. Tipping of the two maxillae 
resulted in less increase in the width at the suture level than at the dental arch 
level. In the frontal view, the fulcrum of rotation for each of the maxillae is 
said to be approximately at the frontomaxillary suture. 
Wertz 
119
reported that the fulcrum of maxillary separation tends to be 
displaced more inferiorly, nearer to the activating force with increase in age. 
The fulcrum may be high near to frontomaxillary suture in children, whereas 
in adolescents the fulcrum is much lower. These variance in age-dependent 
effects may be attributed to the increased resistance in circum-maxillary 
sutures during maxillary separation because of the increased calcification in 
the sutural skeletal structures. 
Haas (AJO 1965)
48
 reported that the lowering of palatine processes of 
the maxilla was due to the outward tilting of the maxillary halves. On the other 
hand, Davis and Kronman 
33
 stated that the palatal dome remained at its 
original position. 
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Gardner and Kronman (1977) 
38
 ,a study in rhesus monkeys, found 
that during expansion the midsagittal, lambdoid and parietal sutures showed 
signs of disorientation, and a split of 1.5 mm was seen in one animal. 
Therefore, RME is not limited to the palate alone, but also could affect 
relatively remote structures. 
Spillane et al 
105
 reported a significant decrease in the height of palatal 
vault during RME. Palatal height returned to pretreatment values one year 
after expansion and noted an increase of 0.5mm two years after treatment.      
Carlson et al 
20
reported the expansion of surrounding structures 
including the zygoma when a maxillary skeletal expander, was used. When 
using a maxillary skeletal expander, disarticulation of the perimaxillary 
sutures were noted 
SURGICALLY ASSISTED RAPID PALATAL EXPANSION 
Correction of maxillary transverse deficiency in a skeletally mature 
patient is more challenging because of changes in the osseous articulations of 
the maxilla with the adjoining bones. Surgically assisted rapid palatal 
expansion (SARPE) progressively gained popularity as one of the treatment 
options to correct maxillary transverse deficiency. 
Procedures have conventionally been grouped into 2 categories: 
surgically assisted rapid palatal expansion (SARPE) and segmenting the 
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maxilla during a LeFort osteotomy to reposition the individual segments in a 
widened transverse dimension.
14 
 
Indications for surgical procedure, is a lack of consensus among 
orthodontists and surgeons about the indications for SARPE. Although 
maxillary expansion might be required for many patients, an accurate 
diagnosis of maxillary transverse deficiency is somewhat ambiguous. This is 
further complicated by case reports in the literature about orthopedic maxillary 
expansion or other forms of expansion in adults. 
Indications for SARPE in skeletally mature patient with a constricted 
maxillary arch.  
1. To increase maxillary arch perimeter, to correct posterior crossbite, 
and when no additional surgical jaw movements are planned. 
2. A preliminary procedure to widen the maxillary arch , even if further 
orthognathic surgery is planned. This is to avoid increased risks, 
inaccuracy, and instability associated with segmental maxillary 
osteotomy. 
3. To provide space for a crowded maxillary dentition when extractions 
are not indicated. 
4. Maxillary expansion in cleft palate patients. 
5. To reduce wide black buccal corridors when smiling. 
6. To overcome the resistance of the sutures in orthopedically failed 
maxillary expansion cases. 
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The issue of long-term stability and relapse with SARPE is still a 
question .Some authors suggested that retention is not required for SARPE, 
and the orthodontist can begin orthodontic treatment without a holding phase.  
Other authors
80
 recommended a period of retention after expansion 
varying from 2 to 12 months. The relapse rates for SARPE vary from 5% to 
about 25%.These rates are significantly lower than the relapse rate of 
orthopedic maxillary expansion, which can be as high as 63%.The high rate of 
relapse associated with OME is due to its use in skeletally advanced patients. 
orthopedic maxillary expansion is neither predictable nor stable in older 
patients. 
In a study by Berger et al,
 14
 both OME and SARPE were compared in 
an age-appropriate sample. The orthopedic maxillary expansion sample 
comprised subjects aged 6 to 12 years, and the SARPE group’s ages ranged 
from 13 to 35 years. There was no difference found in the stability of SARPE 
and orthopedic maxillary expansion. They, however, did not quantify the 
relapse amount in either group.
 
Complications associated with SARPE reported in the literature 
include significant hemorrhage, gingival recession, injury to the branches of 
the maxillary nerve, periodontal breakdown, infection, pain, devitalization of 
teeth and altered pulpal blood flow, root resorption, sinus infection, alar base 
flaring, extrusion of teeth attached to the appliance, relapse, and unilateral 
expansion. Additional complications that are related to the expansion 
Review of Literature 
 
21 
 
appliance include its impingement on palatal soft tissue, loosening (more 
common with bone-borne distractors), and breakage and stripping or locking 
of the appliance screw.
101
 
Some unusual complications that have been reported includes orbital 
compartment syndrome resulting in permanent blindness, bilateral lingual 
anesthesia, and a nasopalatine canal cyst. Like other surgical procedure, 
SARPE requires a careful planning and execution of treatment are necessary 
to ensure an acceptable outcome.
74,85 
 SLOW MAXILLARY EXPANSION 
Slow maxillary expansion (SME) has been advocated by some 
investigators since it is believed to result in more healthy physiological 
response by Isaacson, Wood, and Ingram, (ANGLE 1964)
61 
and Zimring and 
Isaacson (ANGLE 1965).
124 
They suggested that slower rates of expansion 
would allow for physiologic adjustment and prevent large residual loads in 
maxillary complex.  
During early treatment ,expanding the maxilla to correct the posterior 
crossbite, allowing the permanent teeth to erupt into normal occlusion; it 
removes interferences and provides favorable dental and skeletal changes 
during growth (Bell, 1982; Kurol & Berglund, 1992).
11
  To correct the 
permanent first molar crossbite  16-40% Crossbite cases have to be treated in 
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deciduous (Schröder & Schröder, 1984; Tsarapatsani, Tullberg, Lindner, 
Huggare, 1999).
102
  
Huynh, T., Kennedy, D. B., Joondeph, D. R., & Bollen, A. M. 
(2009) stability and response of slow maxillary expansion using 3 types of 
expansion appliance  Haas, hyrax, and quad-helix appliances, he stated that 
correction of posterior crossbite by slow maxillary expansion in the mixed 
dentition demonstrated 84% stability in the permanent dentition.
60
  
Activation rate with a fixed jackscrew was about 2-3 turns/week which 
is approximately 0.5-1mm/week (Bell, 1982;  Proffit, Fields, Sarver, 2006).
99
 
activation rate for removable appliance is 1 turn/week or the appliance. The 
force magnitude produced is about 2 pounds. Slow maxillary expansion allows 
the suture physiological adaptation and remodeling (Proffit, Fields, Sarver, 
2006). The slow expansion over a 10 week period is 5mm of dental and 5mm 
of skeletal expansion which is identical to rapid maxillary expansion (Proffit, 
Fields, Sarver, 2006). 
Storey
108
 studied the relative responses to rapid and slow expansion in 
the premaxillary sutures of rats and rabbits. His results indicated that sutural 
integrity was maintained in the animals subjected to slow expansion (0.5 to 1 
mm. per week) and that the relapse potential of the expanded premaxillary 
segments was less. A similar histologic comparison of rapid and slow 
expansion in monkeys was reported by Ohshima.
92” Monkeys whose maxillas 
were expanded slowly (60 days) showed less evidence of tipping of abutment 
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teeth and greater sutural stability than monkeys that underwent rapid 
expansion (10 days). 
Hicks 
54
in 1978 found increase of maxillary width of about 3.8-8.7mm 
in 10 -15 years old patients treated with slow maxillary expansion. 
Brin et al.
 18
 (Brin, Ben-Bassat, Blustein, Ehrlich, Hochman, 
Marmary, Yaffe, 1996).found that slow maxillary expansion and 6 months of 
retention resulted in the increase of intermolar width of around 3mm; the 
width post-treatment of the treated group was similar to the untreated controls. 
Mossaz-Joelson demonstrated in 10 patients that after 12 weeks of 
post-(slow)expansion with either a banded or bonded expander, SME had the 
same amount of skeletal versus dental movements to that of RME, but with a 
lower relapse tendency. 
Bartzela et al. 
9
compared the long term effects of slow and rapid 
maxillary expansion in the mixed dentition(early and late ) in cross-bite 
cases.In late mixed dentition group with slow or rapid maxillary expansion a 
larger amount of increase in arch width was seen of about 3.1+/- 2.3 mm.Early 
mixed dentition had the highest relapse rate of about 24%. 
Wong et al.
123
 compared the effects of early mixed dentition using 
three types of maxillary expander devices (Haas type, Hyrax and Quadhelix); 
circumference, arch length, intermolar width, intercanine width and molar 
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angulation was analysed and compared to control group with the same age and 
gender (Kennedy, Keim,Wong, Sinclair,2011). 
Measurements were taken at three different time intervals (pre-
treatment, Post treatment and 4 years after expansion). Increase in arch 
circumference by 1mm from pre-treatment to 4 years after expansion, arch 
length slightly decreased from pre-treatment to 4 years post-treatment. The 
arch width increased at T2 and became broader than the controls but at T3 the 
intermolar width was similar to the controls groups with 80% stability. The 
intercanine width remained significantly 98% stability. 
BONE-ANCHORED RAPID MAXILLARY EXPANSION 
Traditionally, to correct transverse maxillary deficiencies tooth-borne 
expansion appliances have been effectively used for years, yet this treatment 
has its negative side effects 
Disadvantages with traditional tooth-borne expansion appliances 
includes undesirable tooth tipping, limited skeletal movement, shorting in the 
length of the roots, bone dehiscence, a decrease in the thickness of the  buccal 
cortical bone and relapse. Alternative methods have been developed which 
includes the use of mini-implant expansion screw takes anchorage directly 
from the palatal bone, avoiding undesirable tooth tipping.Likewise, bone-
anchored expansion appliances is  indicated in patient with missing or 
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compromised posterior permanent teeth and periodontal concerns, providing 
an alternative to RME. 
Cortese et al. 
26
 treated severe maxillary constriction in adult patients 
using palatal distractor device who underwent surgically assisted rapid 
maxillary expansion.The palatal distractor device 2 titanium miniplates. Le 
Fort I-type osteotomy was proformed and separation of the mid-palatal suture 
was acheived and results were evaluated using computed tomography 
(CT).Expansion at the canine was about 5.1 mm ,at pre-molar was  4.5 mm, 
and at molars was 3.7 mm. He noted that the angular changes was 0.8°, 
signifying rotation of the maxillary segments occured and not the teeth. 
Lagravère et al.
66
 evaluated changes in all the three-planes using 
CBCT with bone-anchored and traditional rapid maxillary expansion in 
adolescents. The bone-anchored maxillary expander consisted of appliance 
with 2 mini-screw implants (12 x 1.5 mm) was used directly to the palatal 
bone. Evaluation of  Long and short term changes was reported in both 
treatment groups and were similar ,root apex expansion was less than that of 
crown expansion for both the bone-anchored maxillary expander group and 
the tooth-anchored maxillary expander subjects, causing significant buccal 
crown inclination. 
Tausche et al. 
115
 evaluated the changes bone-borne implant supported 
rapid maxillary expander device (Dresden distractor) using CT,he found 
transverse dimension increase at the alveolar bone was about  7.52 mm in the 
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premolar region and in  molar region 7.17 mm, greater skeletal expansion was 
noted in this study compared to previous studies using tooth-borne expanders. 
A total of 85%–91% of skeletal expansion. 
Hansen et al.
 115
 conducted a three-dimensional analysis of the teeth, 
alveolar, and skeletal structures with bone-borne, surgically-assisted rapid 
maxillary expansion. He reported that  transverse expansion of 5.55 mm and 
4.87 mm is noted in the alveolar process (premolar region and molar region 
respectively). Inter-premolar width increase -6.07mm and 5.71 mm in the 
inter-molar width. Buccal tipping of 3.1-4.6 º. 
  Advantages of MARPE vs traditional tooth-borne RME and future 
studies indicated more of skeletal expansion and tooth tipping ,less treatment 
time, increased anchorage for expansion, and less periodontal effects.
 116
 
HYBRID APPLIANCE 
Wehrbein et al (1996) 
116
was the first to introduce the use of mini-
implant in palatal area due to keratinized gingiva and good flexibility.  
Weissheimer (2011)
117
concluded that the use RME without mini-
implant gave smaller skeletal effects. 
Lagravere et al (2010) 
65
 claimed that there was less dental tipping 
with MARPE  and was effective in preventing the negative side effects that 
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were commonly seen with the usage of conventional rapid maxillary expander 
Therefore, many clinicians opted mini-implant for Expansion. 
With the advent of mini-implant, the anchorage system can be 
reinforced for rapid maxillary expander without the support of tooth structure 
due to its absolute anchorage. 
The lateral forces were transmitted to the palatal bone during 
expansion with bone anchored rapid maxillary expander ,which contributed to 
more skeletal opening of the suture, instead of bending of the alveolar process. 
Lagravere et al (2010)
67
 when he compared bone-borne and tooth-
borne rapid maxillary expander. Stress concentration on the buccal cortical 
bone of the upper first molar was consistent to the study and no significant 
difference was found. 
Lagravere et al. (2010) 
65
who stated that expansion with RME will 
cause larger buccal cortical bone expansion compared to the suture expansion 
wherethe bending of the alveolar bone was evident. 
Kee-joon lee et al (2010)
71 
studied the effects of miniscrew implants 
assisted rapid palatal expansion in a patient with severe maxillary constriction 
and mandibular prognathism treated with MARPE, which is a modification of 
the conventional RPE appliance, he incorporated of several miniscrews to 
cause about expansion in the underlying basal bone and maintain the separated 
bones in the expanded position during the stabilization phase.  
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A study conducted by Lee at al (2014)
72
 using a bone-borne expander 
with miniscrew, showed a different characterictic. Alveolar bone at the 
posterior region in a bone-borne type showed less transverse displacement 
than the  displacement in the anterior area. The separation of mid-palatal 
suture was more in the anterior region compared to the posterior. The 
nonsurgical bone-borne type showed the highest stresses along the mid-palatal 
and the surrounding structures and this stress was more compared to the 
surgical assisted expansion. The 3 surgical models showed similar amounts of 
stress and displacement along the teeth, the mid-palatal suture, and the 
craniofacial sutures. Therefore, when using a bone-borne rapid maxillary 
expander in an adult, it is recommended to assist it with mid-palatal suture 
separation with the help of mini-implant, which requires a minimal surgical 
intervention. 
Ghonemia et al(2011) 
42 
the effects of orthopedic forces on the cranial 
and circumaxillary sutures in adolescents treated with RME by using low dose 
multiplanar CT scans. The respond of cranial structure to the external 
orthopaedic forces according to anatomic location and interdigitation differed. 
Circumaxillary sutures measured in the study showed significant increases               
in width except for the frontozygomatic, zygomaticomaxillary, 
zygomaticotemporal, and pterygomaxillary sutures, showing that these areas 
are affected by the generated forces. The nonsignificant difference in the width 
of the pterygomaxillary suture indicates its rigid interdigitation and high 
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resistance to expansion. The lack of significant differences in the widths of the 
other craniofacial sutures might be explained also by their increased 
interdigitation and rigidity. 
Mosleh et al (2015)
88
 stated that the use of mini-implant assisted rapid 
palatal expansion exerted force on palatal bone which produce a more parallel 
openingin the mid-palatal suture, without causing undesired tooth movement. 
Lin (2015)
75
 conducted a study that compared two expansion 
appliances, tooth-borne and bone-borne rapid maxillary expanders in late 
adolescence using CBCT, and he stated expansion was achieved in both the 
expander, but maxillary skeletal expander(MSE) produced greater orthopedic 
effects and a near parallel opening of the mid-palatal suture. Subjects in 
Maxillary skeletal expansion group showed minimal change of alveolar 
inclination and tooth axis compared to subjects in control (RME) group. The 
change of teeth angulation was a combination of both bone bending and 
tipping of the teeth. The teeth is surrounded by alveolar bone and undergoes 
remodeling process during expansion,so it was hard to quantify the  separation 
between bone bending and tipping of the teeth. The use of skeletal anchorage 
decreased dental tipping in MSE patients. The 11 mm length miniscrews used 
in MSE to promote a bi-cortical anchorage system by increasing the stability 
with the help of  miniscrews which engage both cortical bone in the oral and 
nasal floor. 
Review of Literature 
 
30 
 
Kim et al (2015) 
122
 evaluated the immediate skeletal and dental 
changes in late adolescence after RME with bone-borne or tooth-borne type 
expanders using CBCT. Bone-borne expanders produced greater skeletal 
expansion in the transverse plane when compared to tooth-borne hyrax 
expanders. Less alveolar bending, less dental tipping, and less vertical alveolar 
bone loss at the first premolar. Dental expansion at the root apices in hyrax 
group was greater than that of the nonbanded teeth. Without the surgical 
assistance this treatment modality can be an effective for maxillary skeletal 
deficiency in late adolescents. 
Wilmes et al. 
121
recommended the use of  hybrid expander which is 
skeletally and dentally anchored for contricted maxillary arches. These devices 
were reported to produce greater skeletal expansion with minimal 
alveolar/dental tipping and at the same time provides greater stability by the 
use of mini-implant as an anchorage enhanced by both the palatal and nasal 
cortices and the wire connecting the device body and first molar is used as a 
stability for the appliance. 
  This was a recent concept and one such expanders appliance is referred 
to as   maxillary skeletal expander (MSE).  
An article presented in 2017 by Dr. Won Moon and colleagues
29 
 
demonstrated and about a unique MARPE developed, concluded that 
microimplant-assisted RPE to be an efficient solution for maxillary transverse 
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deficiency in a considerable number of patients, seems to have an greater 
impact on the reduction of upper airway resistance. 
Evan. A. Clement and N. R. Krishnaswamy (2017)
37
 evaluated 
skeletal and dentoalveolar changes pre-treatment and after post-treatment 
skeletal anchorage assisted rapid palatal expansion (MSE 1) in young adults 
by using cone beam computed tomography. MSE-1 an increase in the skeletal, 
alveolar, and dental level in maxillary transverse dimension was noted. The 
maximum expansion was seen at the level of dentition, and the least amount of 
expansion was at the level of the frontonasal suture. The degree of expansion 
at skeletal level was 61%, alveolar expansion was 20%, and dental expansion 
was 19%. Sutural divergence and buccal tipping were evident. The maxillary 
skeletal expander(MSE-1) is an effective method for correction of maxillary 
transverse deficiency without surgery in adults. 
Daniele Cantarella and Won moon (2018) 
32
evaluated the effects of 
MSE-2 on the midpalatal and pterygopalatine sutures and parallelism of 
midpalatal suture split, asymmetrical mid-palatal split and the possibility of 
split between the pterygoid and palatal bone in late adolescents using CBCT  
and stated that the opening of the mid-palatal suture in the anterior region was 
4.8mm and at posterior nasal spine was about 4.3mm and the percentage of the 
mid-palatal split in the PNS as 90% that of ANS, showing near parallel 
opening . 
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One half of the anterior nasal spine (ANS) moved more than the 
contralaterally by 1.1 mm. 53% of the sutures  showed openings between the 
lateral and medial plates of the pterygoid process(detectable). No significant 
differences were found in the magnitude and frequency of suture opening in 
gender.Negligible changes were noted in  correlation between age and suture. 
Danielle Cantarella and Won moon (2018)
31 
evaluated midface 
skeletal changes in the coronal plane and the effects of expansion on 
circummaxillary sutures and to confine the center of rotation for the 
zygomaticomaxillary complex after expansion using MSE-2, with the help of 
high-resolution cone-beam computed tomography. And found lateral 
displacement of the zygomaticomaxillary complex occurred in late adolescent 
patients treated with a MSE-2 which was significant. The zygomatic and the 
maxillary bone tend to rotate with a common center of rotation which was 
located near the superior aspect of the frontozygomatic suture. Dental tipping 
of the molars was statistically insignificant. An increase of 0.5mm in upper 
zygomatic distance, 4.6mm increase in lower inter-zygomatic distance, 
increase in inter-molar width by 8.3mm and angulation of frontozygomatic 
and maxillary inclination was 2.5  and 2.0 respectively. Negligible changes 
were noted in frontoethmoidal, zygomaticomaxillary, and molar basal bone 
angles.   
Daniele Cantarella and Won moon (2018)
30
 analysed the changes in 
the zygomatic, maxillary bone and zygomatic arches with the use of CBCT of 
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patients treated with MSE-2 and concluded that increase in the anterior inter-
maxillary distance was about 2.8 mm, posterior inter-zygomatic distance of 
about 2.4 mm, angle of the zygomatic process of the temporal bone increased 
by 1.7 and 2.1(right and left side).Changes in the posterior inter-temporal 
distance and zygomaticotemporal angle were statistically insignificant. In 
horizontal plane, a significant lateral displacement was seen in the maxillary 
and zygomatic bones and the whole zygomatic arch. The center of rotation for 
zygomaticomaxillary complex was located near the proximal portion of the 
zygomatic process of the temporal bones. 
Nathania and Benny (2018)
91 
analysed the difference of stress 
distribution of maxillary expansion using RME and MSE in the region of 
interest: First molars, Palatal alveolar bones of first molar region, palatine 
sutures, zygomatic sutures, miniscrews and their surrounding bones. The stress 
distribution in RME group were located at the palatal alveolar region of first 
molar, pulp chamber of first molar and inferior cortex of palatine sutures. The 
stress distributions in the MSE group were located at the distopalatal cusp of 
maxillary first molar and palatal side of the palatal alveolar of maxillary first 
molar, inferior and superior cortex of palatine suture. There seemed to be 
significant differences of stress distribution for the RME group compared to 
the MSE. 
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CONE BEAM COMPUTERIZED TOMOGRAPHY IN 
ORTHODONTICS 
CBCT provides more information than 2-dimensional (2D) images, 
and in certain cases,3-dimensional (3D) images provide a more accurate and 
efficient diagnosis and treatment plan. Cone beam computerized tomography 
(CBCT) is a reconstructed three-dimensional imaging which combines both 
conventional radiography and computerized volumetric reconstruction for 
clinical use in orthodontics. Both hard and soft tissues imaging can be done, 
which adds to its usefulness.
39
 
Several authors
65,56
 have examined the precision of measurements 
obtained from CT and CBCT images. When compared to physical /manual 
measurements on a dry skull, Cavalcanti
65
 found the error to range from                 
0.45 – 1.44%.This was considered to be within a clinically tolerable range.  
Currently, there are 3 ways of superimposing 3D images: landmark, 
surface based, and voxel-based. 
Landmark superimposition is similar to 2D superimpositions, using 
anatomic landmarks or lines as references. Landmark identification on 3D 
images is much more complex than on 2D cephalometric radiographs, since 
landmark locations in 2D radiographs are usually easier to identify because of 
the nature of the images. 
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Park et al 
94
proposed reproducible landmarks along with a horizontal 
reference plane parallel to the Frankfort horizontal plane, the midsagittal 
plane, and the coronal reference plane, as well as several linear and angular 
measurements for diagnosing patients with craniofacial deformity in 3 
dimensions. 
Surface-based superimposition deals with the shell covering the 3D 
structure and requires high quality surface models for an accurate 
superimposition.
 92
 
Gkantidis et al
44
 evaluated 5 surface superimposition techniques and 
found that using the anterior cranial base and foramen magnum gave the most 
accuracy, followed by the anterior cranial base and both zygomatic arches. 
Gkantidis evaluated the accuracy of surface superimposition and 
landmark superimposition method, concluded that superimpositions based on 
landmarks were the least accurate, whereas 3D surface superimposition 
provides accurate, precise, and reproducible results. 
Lee et al
70 
used an image-fusion method to superimpose computed 
tomography images of dry human skulls with different spatial conditions and 
reported an error of 0.396 mm, which was not affected by positional change. 
Nada et al
90
 tested the reliability of voxel-based superimposition on 
the anterior cranial base and zygomatic arch using Maxilim software and 
reported small average errors.  
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Weissheimer et al
117 
recently evaluated a fast method of 3D voxel-
based superimposition using OnDemand 3D software and concluded that the 
mean superimposition errors were less than 0.5 mm in growing and 
nongrowing patients. Dolphin 3D showed a maximum mean difference of 0.21 
mm, which is clinically insignificant. 
Cevidanes et al
23,24
 introduced a new superimposition method to the 
dental research field known as voxel-based superimposition, which has been 
widely used in various research purposes.  
Voxel-based superimposition matches the grayscale values of the 
voxels (density) to superimpose the CBCT images. Voxel-based 
superimposition is fully automated and uses the radiopacities and 
radiolucency’s throughout the selected volume, removing the chance of 
operator error, which is the main disadvantage of the landmark 
superimposition method. 
Cevidanes et al
23
 concluded that Dolphin 3-dimensional voxel-based 
superimposition, a fast and user-friendly method, is precise and reliable. 
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MATERIALS AND METHODS 
 
This study was approved by the institutional review board: all the 
patients who underwent treatment were explained about the procedure and 
consent from the patient and the parents were obtained. (Figure-3f) 
Patients between the age of 19 to 25 years reporting to the Department 
of orthodontics, Ragas Dental College and hospital were screened to meet the 
inclusion and exclusion criteria of this study. 
The inclusion and exclusion criteria for the study were as follows:                                                     
Inclusion criteria: Adult patients above 19 years of age, posterior 
cross bite /Constricted maxillary arch, Full complement of teeth with 
reasonably good periodontal health. 
Exclusion criteria: Patients with Systemic disease, below 19 year of 
age, severe A-P skeletal discrepancies and Cleft lip/cleft palate patients. 
Hypothesis of the study is: 
a) The maxillary skeletal expander-2 would produce more skeletal 
changes than dentoalveolar changes. 
b) The expander would induce a stress in other craniofacial sutures 
besides Mid-palatal suture. 
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c) Maxillary skeletal expander-2 would produce different pattern of 
expansion in the mid-palatal suture.      
A total of 8 patients were identified for the study according to 
inclusion criteria, out of which 3 declined stating that they were uncomfortable 
with the idea of having implants placed in their mouth. Eventually a sample of 
5 patient who met the inclusion criteria participated in this study. 
Pretreatment photographs, study models, and cone beam computed 
tomography were taken. 
The rapid palatal expander device used in the study is the maxillary 
skeletal expander-2 (Figure-1) 
The MSE-2

 appliance was made up of four components: a central 
body containing expansion jackscrew, four tubes (1.5 mm internal diameter 
and 2 mm length) in the anterior and posterior corners of the central body 
which serves as jigs for placing 4 micro-implants (1.8 mm in diameter and               
11 mm in length), four soft supporting arms connecting the central body to 
maxillary molars providing a stable position during expansion. (Figure-2a) 
The 11 mm micro-implant length ensured a bi-cortical engagement of the 
micro-implants at the palatal bone and nasal floor to promote skeletal 
expansion and to minimize dental tipping. (Figure-2b) Each appliance was 
fabricated in such a way that there would be 1-2 mm clearance between the 
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body of the expander and the palate and 2-3mm clearance between the 
supporting arm and lateral walls of the palate. (Figure-2c) 
Fabrication of the modified hybrid expander  
» First visit: Thorough explanation of procedures to the patient, clarifying all 
details and reaffirming that failure may occur; elastic separator was placed 
between the second pre-molar, first molar and first molar and second molar to 
gain space. 
 » Second visit: Separators were removed, preformed bands with prewelded 
molar tube were placed on first molars; alginate impression was taken, elastic 
separators were placed again. 
» Laboratory procedures: The impression was cast in dental stone. 8, 10 or 12 
mm MSE-2

 was selected according to the constriction of palatal vault and 
also based on the maximum screw size that would fit in the palatal vault, while 
still allowing close adaptation of the appliance to the tissue surface between 
the maxillary first molars. This position was selected in order to apply lateral 
forces against the pterygomaxillary buttress bone which was a major 
resistance factor in maxillary expansion. 
The stainless-steel arms emerging from the appliance was adapted with 
2 mm separation to the palatal contour; the wire was soldered to the bands, 
followed by finishing and polishing.  
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» Third visit: Separators were removed, appliance was cemented and vertical 
position in relation to palate was checked.  
4 mini-implant 1.8mmx11mm

 self-drilling micro implant were placed 
using Mini handle driver (Figure-2d)/Ratchet Wrench(Figure-2e)

. These 
micro-implants are intended to promote bi-cortical anchorage. Mini screw 
implants are inserted at 90º in the slots in sequential manner. (Figure-2g) After 
the placement of mini screw implants and after achieving homeostasis a trial 
activation of rapid palatal expander was done using the activation key  
(Figure-2f). 
Instructions about hygiene and activation were provided to the patient 
on the day of seating the expander. 
The expansion rate was selected based on protocol developed by       
Dr Won Moon. 
The activation starts with initial expansion of 2 turns per day for the 
first 2 weeks until a diastema appears. Thereafter, the activation was restricted 
to one turn per day till the desired expansion was achieved.  
» Follow-up: The patient was examined every 7 days. At each visit, the 
distance of the expander from the mucosa was checked, the stability of all 
mini-implant were checked regularly using tweezers. 
 
Manufactured by Biomaterials Korea, Seoul, South Korea 
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Once the required amount of expansion is achieved or if the device did 
not permit any further activation then the activation protocol was stopped and 
stabilized. 
The sequence of insertion activation, stabilization is depicted in one of 
the patients who participated in this study. (figure-3a,b,c,d,e) 
The expansion screw was blocked and left in place for 3 months from 
the date of last expansion and thereafter, the device was removed and Post 
treatment cone beam computed tomography, models and photographs were 
taken. 
Pre and post-treatment CBCT images were attained on a Kodak 
equipment (Model CS 9300, Carestream Health, Inc, Rochester, NY, USA) 
which was set at 70 kV and 8.0 mA for 6.15 s, images were acquired with an 
axial slice thickness of 0.18 mm.  
During image acquisition, the patients were oriented to warrant that the 
Frankfort horizontal plane was parallel to the floor. 
The Digital Imaging and Communications in Medicine images were 
then imported, and cross-sectional slices were made with the aid of Dolphin 
imaging software (version 11.5, Dolphin Imaging and Management Solution, 
Chatsworth, CA, USA). 
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Three reference planes used in this study to orient the skull: Maxillary 
sagittal plane (MSP), Axial palatal plane (APP), and V-coronal plane 
(VCP)(Figure-4). 
Maxillary sagittal plane passes through the anterior nasal spine (ANS), 
posterior nasal spine (PNS), and nasion (N) on the pre-expansion CBCT. 
Axial palatal plane is perpendicular to the maxillary sagittal plane and 
passes through ANS and PNS.  
V-coronal plane is perpendicular to the other two planes and passes 
through the most posterior point of the vomer (V point).  
The three reference planes were utilized to analyze the lateral, sagittal, 
and vertical displacement of the maxilla and surrounding structures induced by 
maxillary expansion.  
The transverse and sagittal movement of the maxilla and pterygoid 
plates and the modifications in the pterygopalatine suture along its entire 
length were analyzed using three axial sections: the Axial palatal section 
(APS), Lower nasal section (LNS), and Upper nasal section (UNS) (Figure 5). 
The Axial palatal section (APS) cuts the pterygopalatine suture in an 
area where the “pyramidal process” of the palatine bone articulates with the 
“pterygoid notch” and is located between the lateral plate and the medial plate 
of the pterygoid process. The changes in this area due to the maxillary 
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expansion will be described as “openings” between the lateral and medial 
pterygoid plates. The extent of opening was documented. 
The Lower nasal section (LNS) cuts through the pterygopalatine suture 
in an area where the posterior border of the perpendicular plate of the palatine 
bone articulates with the anterior surface of the pterygoid process of the 
sphenoid. The “lateral slide” of the most posterior point of the maxilla along 
the most anterior point of the pterygoid fossa will be described as an indicator 
for loosening of the pterygopalatine suture. 
The Upper nasal section (UNS) cuts through the pterygopalatine suture 
in an area where the perpendicular plate of the palatine bone forms the medial 
wall of the pterygopalatine fossa.  
The upper portion of the perpendicular plate of the palatine bone also 
presents the “sphenoidal process” that articulates with the medial surface of 
pterygoid process of the sphenoid and the “orbital process” that articulates 
with the maxilla. 
After the removal of the appliance and obtaining a Post-CBCT.A 
modified transpalatal arches were fabricated with a stainless-steel wire of 
1.2mm soldered to the molar bands and an arm extending to the canines were 
cemented for retention. (Figure-3e) 
After completion of the first phase treatment with expansion (MSE-2) 
all patients were treated with multibonded fixed appliance therapy.                
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All parameter were statistically calculated using SPSS Statistical 
Software. To determine differences and its significance between the PRE- and 
POST treatment changes for each parameter, wilcoxson sig rank test was 
performed because of the small sample size. Each parameter was compared 
between the PRE- and POST-, to elicit the differences in treatment changes. 
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(Figure 1): THE MAXILLARY SKELETAL EXPANDER (MSE-2) 
 
 
 
 
 
(Figure 2): MATERIALS 
a) Maxillary Skeletal Expander 
                      (*BIO-MATERIAL KOREA, SOUTH KOREA) 
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        b) Mini-Implant                       c) Fabrication of expansion device                                                   
                                                                         on plaster model  
 
           
         d) Mini handle driver                              e) Wrench                                  
                      
                 
            f) Activation key                                g) Screw insertion order 
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(Figure 3a):EXTRA-ORAL PHOTOGRAPHS OF A PATIENT WHO 
WAS TREATED WITH MSE-2 
                                          
 
  
                            
(Figure 3b):PRE-TREATMENT INTRA-ORAL PHOTOGRAPH OF A 
PATIENT WHO WAS TREATED WITH MSE-2 
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         PRE-Expansion                              On the day of appliance fixation 
 
          
                    After activation                                      Post-Expansion 
 
(Figure- 3c): OCCLUSAL VIEW OF THE MAXILLARY ARCH AT 
VARIOUS STAGES 
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(Figure 3d) : POST TREATMENT INTRA-ORAL PHOTOGRAPH OF 
THE PATIENT  
 
 
 
(Figure 3e): TRANSPALATAL ARCH WITH EXTENSION ARMS 
 
 
      
   Figures 
 
 
 
 
CONSENT FORM (Figure 3f) 
 I,……………………………………..f/o,m/o,g/o………………………
.,agedabout……………….years,Hindu / Christian / Muslim 
/………………....Residing at……………………………… …do  hereby 
solemnly and state as follows. I am the witness of the deponent herein; as such 
I am aware of the facts stated here under. 
I state that, I have accompanied the deponent ……………………………… 
to Ragas Dental College and Hospital, Chennai for treatment. 
The patient was examined by Dr…………………………. and was requested 
to do the following: 
1. frontal Cephalogram 
2. Cone beam computed tomography 
3. Alginate impressions (upper and lower arch) 
4. Rapid maxillary expansion procedure 
I am informed and explained about the pros and cons of the treatment in the 
………………………………………. Language known to me. 
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The importance of the present treatment in relation to the overall health and 
development has been explained to me. 
I have also been assured that the same standard of therapeutic quality will be 
administered to me. 
I assure to come for each and every sitting without fail 
I authorize the doctor to proceed with further treatment or any other /suitable / 
alternative method for the study. 
I have given voluntary consent to undergo treatment without any individual 
pressure or duress. 
I am also aware that I am free to withdraw the consent given at any time 
during the study in writing. 
The patient was explained the procedure by me and he/she has understood the 
same and signed in (English/Tamil/Hindi/Telugu/ ……….) before me. 
------------------------------------                             --------------------------------- 
Signature of the Patient                                          Signature of the Doctor 
Date 
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ORIENTATION 
 
To analyze the treatment changes of skeletal movement of maxilla and 
circum-maxillary sutures in the transverse and sagittal directions induced by 
Maxillary Skeletal Expander 2, each scan was imported to Dolphin Imaging 
Software and then the image was first oriented in the horizontal plane 
determined by Frankfort horizontal. And then the following three reference 
planes were employed (Figure 4). 
1) Maxillary Sagittal Plane (MSP) passing through the ANS, PNS and 
Nasion. 
2) Axial Palatal plane (APP) perpendicular to Maxillary Sagittal plane 
passes through ANS and PNS. 
3) V-Coronal Plane perpendicular to Maxillary sagittal plane (MSP) and 
Axial Palatal Plane (APP) passing through the posterior point of 
Vomer considered as V-point. 
And to analyze skeletal changes of the maxilla and pterygoid process, 
three sections were selected (Figure 5,6- a, b, c) 
1) Axial Palatal Section 
2) Lower Nasal Section  
3) Upper Nasal Section 
Orientation & Landmarks 
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To analyses the 3 section, a distance from the V-point to the Axial 
Palatal Plane was measured and divided into 3 segments. 
Axial Palatal Section passes through the ANS to PNS (passes through 
the axial palatal plane) 
Lower Nasal Section is parallel to Axial palatal section and 2/3
rd
 the 
distance from V-point and Axial palatal plane. 
Upper Nasal Section is parallel to Axial palatal plane and lower nasal 
section and passes through the V-point. 
LANDMARK SELECTION 
Location of landmarks were accomplished with the use of Dolphin 
Imaging Software. After orientation and visualization of scan, landmarks were 
located. 
Comparison of Pre- and Post- expansion were analyzed. 
The Landmarks and parameters used for evaluation of skeletal in Axial 
palatal section, Upper nasal section, Lower nasal section, Coronal zygomatic 
section are shown in Figure (6-8) and table (1 a-h) 
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(Figure 4): CONE-BEAM COMPUTED TOMOGRAPHY IMAGE 
ORIENTATION 
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(Figure 5):THE THREE AXIAL SECTIONS ARE : AXIAL PALATAL 
SECTION  (APS),  LOWER NASAL SECTION (LNS), UPPER NASAL 
SECTION (UNS) 
 
 
Upper Nasal Section (UNS) 
Lower Nasal Section (LNS) 
Axial palatal section (APS) 
Upper Nasal Section (UNS) 
Lower Nasal Section (LNS) 
Axial palatal section (APS) 
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                (a) AXIAL PALATAL SECTION (APS)     (b)LOWER NASAL SECTION (LNS)  
         
 
(c)UPPER NASAL SECTION(UNS) 
(Figure 6):LANDMARKS ON THE AXIAL PALATAL SECTION 
(APS),LOWER NASAL SECTION (LNS) AND UPPER NASAL 
SECTION(UNS) 
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(Table 1-a): LANDMARKS FOR AXIAL PALATAL SECTION (APS) 
 
1 Right anterior nasal spine (Rt ANS) 
2 Left anterior nasal spine (Lt ANS) 
3 Right posterior nasal spine (Rt PNS) 
4 Left posterior nasal spine (Lt PNS) 
5 Most lateral point of the medial plate of the right pterygoid process (Rt Med Pter) 
6 Most medial point of the lateral plate of the right pterygoid process (Rt Lat Pter) 
7 Most lateral point of the medial plate of the left pterygoid process (Lt Med Pter) 
8 Most medial point of the lateral plate of the left pterygoid process (Lt Lat Pter) 
 
 
(Table 1-b): PARAMETERS EVALUATED IN THE AXIAL PALATAL SECTION 
(APS) 
1 Distance of Rt ANS from maxillary sagittal plane 
2 Distance of Lt ANS from maxillary sagittal plane 
3 Distance of Rt PNS from maxillary sagittal plane 
4 Distance of Lt PNS from maxillary sagittal plane 
5 Lateral displacement of Rt ANS + Lt ANS 
6 Lateral displacement of Rt PNS + Lt PNS 
7 Width of opening in Rt pterygoid process 
8 Width of opening in Lt pterygoid process 
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(Table 1c): LANDMARKS FOR LOWER NASAL SECTION (LNS) 
1 Most anterior point of right maxilla (Rt Ant Mx) 
2 Most anterior point of left maxilla (Lt Ant Mx) 
3 Most posterior point of right maxilla (Rt Post Mx) 
4 Most posterior point of left maxilla (Lt Post Mx) 
5 Most anterior point of right pterygoid fossa (Rt Pter) 
6 Most anterior point of left pterygoid fossa (Lt Pter) 
 
(Table 1d):  PARAMETERS EVALUATED IN THE LOWER NASAL SECTION  
(LNS) 
 TRANVERSE DISTANCES 
1 Distance of Rt  Ant Mx from maxillary sagittal plane 
2 Distance of Lt Ant Mx from maxillary sagittal plane 
3 Distance of Rt  Post Mx from maxillary sagittal plane 
4 Distance of Lt  post Mx from maxillary sagittal plane 
5 Distance of Rt Pter from maxillary sagittal plane 
6 Distance of Lt Pter from maxillary sagittal plane 
 SAGITTAL DISTANCE OF THE PTERYGOID PROCESS 
7 Distance of Rt Pter from V-coronal plane 
8 Distance of Lt Pter from V-coronal plane 
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(Table 1e): LANDMARKS FOR UPPER NASAL SECTION (UNS) 
1 Most anterior point of the right maxilla (Rt Ant Mx) 
2 Most anterior point of the left maxilla (Lt Ant Mx) 
3 Posterior-medial point of the right maxilla (Rt Post-med Mx) 
4 Posterior-medial point of the left maxilla (Lt Post-med Mx) 
5 Anterior-medial point of the right pterygoid process (Rt Pter) 
6 Anterior-medial point of the left pterygoid process (Lt Pter) 
 
 
(Table 1f):PARAMETERS EVALUATED IN THE UPPER NASAL SECTION  
(UNS) 
 TRANVERSE DISTANCES 
1 Distance of Rt  Ant Mx from maxillary sagittal plane 
2 Distance of Lt Ant Mx from maxillary sagittal plane 
3 Distance of Rt Post-medial Mx from maxillary sagittal plane 
4 Distance of Lt Post-medial Mx from maxillary sagittal plane 
5 Distance of Rt Pter from maxillary sagittal plane 
6 Distance of Lt Pter from maxillary sagittal plane 
 SAGITTAL DISTANCE OF THE PTERYGOID PROCESS 
7 Distance of Rt Pter from V-coronal plane 
8 Distance of Lt Pter from V-coronal plane 
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(Figure 7):  MEASUREMENTS IN THE CORONAL ZYGOMATIC 
SECTION (CZS) 
 
                 (Table 1g) LINEAR MEASUREMENTS 
1 Upper inter-zygomatic distance 
2 Lower inter-zygomatic distance 
3 Inter-molar distance 
 
 
Orientation & Landmarks 
 
(Figure-8 ): ANGULAR MEASURMENTS EVALUATED IN THE 
CORONAL ZYGOMATIC SECTION(CZS) 
 
            
                       (a)FRONTOZYGOMATIC ANGLE    (b)  ZYGOMATICO-MAXILLARY ANGLE    
 
 
          
                         (c)MAXILLARY INCLINATION          (d) MOLAR BASAL PLANE ANGLE 
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(Table 1h ): ANGULAR MEASUREMENTS 
 
 
1 Right frontozygomatic angle (Rt FZA) 
2 Left frontozygomatic angle (Lt FZA) 
3 Right zygomaticomaxillary angle (Rt ZMA) 
4 Left zygomaticomaxillary angle (Lt ZMA) 
5 Right maxillary inclination (Rt Mx incl) 
6 Left maxillary inclination (Lt Mx Incl) 
7 Right molar basal bone angle (Rt MBBA) 
8 Left molar basal bone angle (Lt MBBA) 
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RESULTS 
All statistics were calculated using SPSS Statistical Software for each 
parameter. To determine differences between the PRE- and POST- treatment 
for each parameter, wilcoxon sig rank test were used because of the small 
sample size. 
The level of significance was defined as P < 0.05. Additionally, each 
parameter was compared between the PRE and POST, to elicit the differences 
in treatment changes. 
In order to calculate the relative skeletal, alveolar, dental, nasal and 
cranial changes, the ratio was expressed as a percentage.  
There was an increase in the transverse plane at the skeletal, alveolar, 
dental and nasal levels post-treatment. 
The comparison of Pre-treatment and post-treatment is shown in     
(table 2-d) 
Changes at the level of axial palatal plane, upper nasal section, lower 
nasal section, coronal zygomatic section were evaluated with the help of 
CBCT using Dolphin imaging software. 
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AXIAL PALATAL SECTION (APS)(Table 2a) (Figure 9) 
The results of variables analyzed in the axial palatal section are shown 
in table 2a. 
On an average, ANS moved laterally by 2.144 mm and 2.33 mm                     
(Rt and Lt side), and PNS moved laterally by 1.47 mm and 1.82 mm (Rt and 
Lt side) indicating bilateral expansion. These lateral movements were highly 
significant for all landmarks (p<.008). 
The mean size of the opening was 0.2 mm for the right pterygopalatine 
suture and 0.11 mm for the left pterygopalatine suture. These lateral 
movements were not statistically significant for all landmarks (p<.690). 
Pattern of lateral movement of the maxilla in the horizontal plane: 
The lateral dislocation of Rt ANS and Lt ANS together was 4.47 mm, 
and the lateral dislocation of Rt PNS and Lt PNS together was  3.3 mm. The 
magnitude of expansion at PNS was 75% of the expansion at ANS. 
LOWER NASAL SECTION (LNS) (Table 2b)(Figure 10) 
The most anterior point of the maxilla moved laterally by 2.05 mm and 
1.76 mm (Rt and Lt side). The lateral movements on the right side were highly 
statistically significant (p<0.05) and on the left side less significant. (p<.421) 
(Table2-b) 
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The most posterior point of the maxilla moved laterally by 1.04 mm 
and 1.38 mm (Rt and Lt side). The lateral movements on the right side were 
highly statistically significant (p<.421) 
The most anterior point of the pterygoid fossa moved laterally by       
0.2 mm and 0.33mm (Rt and Lt side). 
Regarding sagittal dislocations, the most posterior point of the maxilla 
moved forward by 0.12 mm and 0.12 mm (Right and Left side). The forward 
movement of the pterygoid process was negligible. 
The lateral slide in the pterygomaxillary fissure was 0.8 mm and 1 mm 
(Rt and Lt side). indicating that the right tuberosity of the maxilla, on average, 
moved 0.8 mm and 1 mm (Right and left side) laterally relative to the 
pterygoid process. 
Sometimes a clear separation between the tuberosity of maxilla and the 
pterygoid process was visible in the post-expansion CBCTs of some patients. 
The lateral movements of the most anterior and posterior points of the 
maxilla were evident, indicating an increase of nasal cavity in transverse 
dimension.  
The forward movement of the pterygoid process was negligible and 
was statistically insignificant. 
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UPPER NASAL SECTION (UNS) (Table 2c) (Figure11) 
The most anterior point of the maxilla moved laterally by 1.9 mm and 
1.4 mm (Rt and Lt side).The difference between PRE- and POST- is 
statistically significant (p <.016).(Table2c) 
The posterior-medial point of the maxilla moved laterally by 0.5 mm 
and 1.03 mm (Rt and Lt side). The lateral movements on the left side were 
statistically significant compared to the right side (p< .690 and .421) 
The anterior-medial point of the pterygoid process moved laterally by 
0.21 mm and 0.16 mm (Rt and Lt side). 
Pattern of lateral movement of the maxilla in the horizontal plane: 
The average movement of the most anterior point of the maxilla (Rt 
side + Lt side) was 3.3 mm while the average movement of the most posterior 
point of the maxilla (Rt side + Lt side) was 1.53 mm. The average lateral 
movement of the posterior maxilla was 47% (1.53 / 3.3) of the expansion at 
the anterior maxilla, illustrating more “V-shaped” expansion than at the APS 
level, with more movement anteriorly than posteriorly.  
Lateral displacement of the pterygoid processes of the sphenoid bone  
The lateral movement of the pterygoid processes was larger in LNS 
(0.53 mm for both Rt and Lt sides) than in UNS (0.37 mm for both Rt and                    
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Lt sides) This indicated that the pterygoid process bent more in its lower level 
and less in its upper level in closer proximity to the cranial base. 
CORONAL ZYGOMATIC SECTION (CZS) (Table2d) (Figure 12) 
The upper inter-zygomatic distance increased by 0.31 mm.The 
difference is not statistically significant. (p< .690) 
The lower inter-zygomatic distance increased by 4.1 mm.The opening 
of the zygomatico-maxillary suture is highly statistically significant                       
(p< .095).The increase in the lower inter-zygomatic distance expresses the 
lateral displacement of the right and left zygomaticomaxillary complex at the 
level of the lowest point of the zygomaticomaxillary suture. 
The inter-molar distance increased by 6.26 mm. 
The frontozygomatic angle (FZA) increased by 1.7° and 2.8° (Rt and 
Lt side).The increase in angulation is statistically significant(p<.548,p< .421) 
            The zygomaticomaxillary angle (ZMA) changed by 1.5° and 0.9°(Rt 
and Lt side). 
The maxillary inclination (Mx Incl) increased by 1.6° and 1.9° (Rt and 
Lt side). Maxillary inclination increased during the expansion because the 
lateral displacement of the maxilla is not a translational movement, but rather 
a rotatory movement displacing the zygomaticomaxillary point laterally and 
superiorly. The more the maxilla and zygomatic bone move laterally, the most 
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lateral points of the maxilla will move laterally and superiorly while medial 
points will move laterally and inferiorly, causing the maxillary inclination 
measurements to increase. The ratio between the increase in maxillary 
inclination and the increase in the lower inter-zygomatic distance was 
(1.6°/4.1mm). This indicates that for each mm of increase in the lower inter-
zygomatic distance the rotation of the maxilla was approximately 0.3°. 
The molar basal bone angle (MBBA) changes showed that molars 
tipped buccally by 4.3° and 4.32° (Rt and Lt side). 
Pattern of lateral movement of the maxillary bone in the coronal plane  
is described by the ratio between the increase of the maxillary inclination 
(average of right and left side) and the increase of the lower inter-zygomatic 
distance. The parameter maxillary represents the inclination of the maxilla 
relatively to the maxillary sagittal plane (MSP).The maxillary inclination 
increased by 1.75° (average of right and left side) after the expansion. 
During expansion an increase in  maxillary inclination was seen because the 
lateral displacement of the maxilla is not a translational movement,but rather a 
rotatory movement displacing the zygomaticomaxillary point laterally and 
superiorly. The more the maxilla and zygomatic bone move laterally, the most 
lateral points of the maxilla will move laterally and superiorly while medial 
points will move laterally and inferiorly, causing the maxillary inclination 
measurements to increase. 
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(Table 2-a): COMPARISON OF PRE-EXPANSION AND POST-EXPANSION CHANGE IN 
AXIAL PALATAL SECTION (APS) 
 
 
BEFORE 
EXPANSION 
mean±sd 
AFTER 
EXPANSION 
mean±sd 
TREATMENT 
CHANGES 
mean±sd 
P 
VALUE 
Distance of Rt ANS to 
maxillary sagittal plane 
.0000 2.1440±0.88 2.144±0.88 .041* 
Distance of Lt ANS from 
maxillary sagittal plane 
.0000 2.3300±0.98 2.33±0.98 .041* 
Distance of Rt PNS from 
maxillary sagittal plane 
.0000 1.4760±0.72 1.476±0.72 .038* 
Distance of Lt PNS from 
maxillary sagittal plane 
.0000 1.8280±0.93 1.828±0.93 .041* 
Width of opening in Rt 
pterygoid process 
6.14±1.21 6.3660±1.12 0.226±0.16 .317 
Width of opening in Lt 
pterygoid process 
6.63±1.44 6.7460±1.37 0.43±0.7 1.00 
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(Figure 9): MEAN DIFFERENCE OF PRE- AND POST EXPANSION IN AXIAL PALATAL SECTION(APS) 
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(Table 2-b): COMPARISON OF PRE-EXPANSION AND                       
POST-EXPANSION CHANGE IN LOWER NASAL SECTION(LNS) 
 
 
BEFORE 
EXPANSION 
mean±sd 
AFTER 
EXPANSION 
mean±sd 
TREATMENT 
CHANGES 
mean±sd 
P 
VALUE 
Distance of Rt  
Ant Mx from 
maxillary 
sagittal plane 
10.14±1.05 12.19±0.98 2.05±1.08 0.41* 
Distance of Lt  
Ant Mx from 
maxillary 
sagittal plane 
10.74±1.90 11.9080±1.41 1.7±0.64 .102 
Distance of Rt  
Post Mx from 
maxillary 
sagittal plane 
23.1600±2.2 24.2060±1.92 1.046±0.56 .05* 
Distance of Lt  
post Mx from 
maxillary 
sagittal plane 
21.360±1.6 22.740±1.85 1.38±0.78 .102 
Distance of Rt 
Pter from 
maxillary 
sagittal plane 
16.8200±1.65 17.0280±1.76 0.208±0.152 1.00 
Distance of Lt  
Pter from 
maxillary 
sagittal plane 
16.1600±1.17 16.4960±1.21 0.336±0.27 .157 
Distance of Rt 
Lo Pter from 
V-coronal 
plane 
12.8200±4.7 12.9400±4.7 0.12±0.04 1.00 
Distance of Lt 
Lo Pter from 
V-coronal 
plane 
13.5400±4.1 13.6680±4.1 0.128±0.1 .157 
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(Figure 10) : MEAN DIFFERENCE OF PRE- AND POST EXPANSION IN LOWER NASAL SECTION (LNS) 
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(Table 2c):  COMPARISON OF PRE-EXPANSION  AND POST-
EXPANSION CHANGE IN UPPER NASAL SECTION (UNS) 
 
 BEFORE 
EXPANSION 
mean±sd 
AFTER 
EXPANSION 
mean±sd 
TREATMENT 
CHANGES 
mean±sd 
P 
VALUE 
Distance of Rt 
Up Ant Mx 
from maxillary 
sagittal plane 
10.8040±1 12.7200±1.19 1.916±1.06 .066 
Distance of Lt 
Up Ant Mx 
from maxillary 
sagittal plane 
9.940±1.9 11.340±1.43 1.4±0.69 .038* 
Distance of Rt 
Post-med Mx 
from maxillary 
sagittal plane 
15.6880±4.3 16.2080±4.3 0.52±0.19 .083 
Distance of Lt 
Post-med Mx 
from maxillary 
sagittal plane 
15.0600±2.41 16.0940±2.7 1.034±0.42 .025* 
Distance of Rt 
Up Pter from 
maxillary 
sagittal plane 
13.8640±1.58 14.0760±1.5 0.212±0.08 .317 
Distance of Lt 
Up Pter from 
maxillary 
sagittal plane 
14.0880±0.9 14.2640±1 0.176±0.14 .317 
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(Figure 11): MEAN DIFFERENCE OF PRE- AND POST EXPANSION IN UPPER NASAL SECTION(UNS) 
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(TABLE 2-D): COMPARISON OF PRE-EXPANSION AND                      
POST-EXPANSION CHANGE IN CORONAL SECTION 
 
 BEFORE 
EXPANSION 
mean±sd 
AFTER 
EXPANSION 
mean±sd 
TREATMENT 
CHANGES 
mean±sd 
P 
VALUE 
Upper inter-
zygomatic distance 
99.3820±4.97 99.7200±4.9 
0.338±0.19 .317 
Lower inter-
zygomatic distance 
84.5360±11.3 88.6200±10.5 
4.084±1.90 .041* 
Inter-molar 
 distance 
38.100±3.2 44.260±3.6 
6.15±1.52 .042* 
Right 
frontozygomatic 
angle (Rt FZA) 
89.520±7.11 91.900±6.5 
2.38±0.61 .041* 
Left frontozygomatic 
angle (Lt FZA) 
87.640±7.8 90.480±7.4 
2.84±0.4 .042* 
Right 
zygomaticomaxillary 
angle (Rt ZMA) 
104.480±4.3 105.980±4.4 
1.5±0.1 .038* 
Left 
zygomaticomaxillary 
angle (Lt ZMA) 
108.980±5.17 109.940±5.9 
0.96±0.8 .102 
Right maxillary 
inclination (Rt Mx 
incl) 
98.460±3.81 100.120±3.9 
1.66±0.1 .041* 
Left maxillary 
inclination (Lt Mx 
Incl) 
103.340±2.7 105.260±3.3 
1.92±0.6 .041* 
Right molar basal 
bone angle (Rt 
MBBA) 
96.560±5.6 92.220±7.11 
4.34±1.45 .043* 
Left molar basal 
bone angle (Lt 
MBBA) 
99.220±4.33 94.900±5.9 
4.32±1.6 .042* 
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(Figure 12): MEAN DIFFERENCE OF PRE- AND POST EXPANSION IN CORONAL SECTION 
 
 
0
20
40
60
80
100
120
BEFORE EXPANSION
AFTER EXPANSION
  
 
 
 
 
 
Discussion 
Discussion 
 
53 
 
DISCUSSION 
 
Maxillary expansion is a well-established treatment protocol for 
correcting maxillary transverse deficiency. The success of expansion is 
dependent on the patency of the mid-palatal suture. The two halves of maxilla  
develop entirely through intramembranous ossification. Growth takes place 
either by apposition or by surface remodeling at the sutures.
47
 
Melsen
83
found the mid-palatal suture fuses at age 16 years in females 
and 18 years in males, while Snodell
104
 et al. found that majority of females 
completed transverse growth at the age of 15 and at the age of 17 years for 
males. 
Melsen
82
 identified various pattern of Mid Palatine Suture in infants. 
The suture were found to be  Y shaped with the vomerine bone placed in a                
V shaped groove between the two halves of the maxilla, the suture was wavy 
(juvenile) and more of a more tortuous course in adolescents with increasing 
inter digitations.
 
In a recent CBCT study  Fernanda Angelieri,  described  5 stages of 
midpalatal sutures depending on the density of the sutural line stage A, 
showed straight high-density line, and no or to very little interdigitation were 
seen, stage B, scalloped appearance of  high-density sutural line were noted at 
this stage.stage C, 2 parallel, scalloped lines that were seen close to each 
other, separated in some areas by small low-density spaces. stage D, complete 
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fusion occured in the palatine bone, and at stage E, complete sutural fusion 
has occurred in the maxilla. The midpalatal suture cannot be identified, and 
the parasutural bone density is the same as in other regions of the palate. 
Proffit
99
 reported that interdigitation and areas of bony bridging in late 
teens, across the suture develop to the point that maxillary expansion was 
considered to be impossible.
 
The concept of increasing the perimeter of maxillary dental arch was 
by means of opening the midpalatal suture which dates back to 1860 when 
Angell
3
 described in his paper about expansion in the upper arch to the dental 
community.
 
Haas (1958)
46,47
, introduced Haas appliance. It comprises of an acrylic 
plate which covers the palate (tooth-tissue borne appliance). Drawback about 
this appliance is that it causes irritation to the palate. 
William Biederman
15
 in the year 1968 created an substitute design to 
the Haas appliance that was initially called the Biederman or Hygienic 
appliance, which was later called as the Hyrax. This is completely tooth-borne 
appliance since it takes anchorage from the tooth. 
The two conventional designs (Hass and Hyrax) were effective in 
children and young adolescent patient, but in late adolescent and adults it lead 
to more of a  dental tipping. 
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Minimum skeletal expansion, more periodontal effects such as 
compression of the periodontal ligament of the supporting teeth, alveolar bone 
resorption, root resorption, alteration in the thickening of buccal bone plate 
and lingual bone plate 
23 25 26
. 
The one of the options for palatal expansion in adults was surgically 
assisted rapid palatal expansion where midpalatal suture is separated with a 
midline cut, about 3mm deep. Some modification of the SARPE also involves 
relieving the circummaxillary suture 
84
. 
SARPE is an invasive procedure where 5-8 mm of expansion is 
achieved, this produces pure skeletal expansion. This procedure is associated 
more with post -operative pain and tissue impingement, swelling and micro 
trauma of TMJ, leading to patients discomfort, due to this complications, the 
option is declined by many adults
85
. 
  With the dawn of TADs maxillary expansion has been attempted in 
adults without surgical intervention. These appliances directly take anchorage 
from the mini-implant, avoiding direct tooth contact.  
Thereby, bone-anchored expansion appliances may be indicated when 
a patient has missing or compromised posterior permanent teeth and 
periodontal concerns, providing an alternative when traditional RME cannot 
be used.
54
 and
 
SARPE is not preferred.
74
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The hybrid hyrax expander is partially tooth and partially bone 
anchored device. It takes anchorage from both the palate through mini-
implants and the anchor tooth.  
Harzer et al.
52
 published a pilot study of 2 subjects treated with hybrid 
hyrax expansion screws with palatal anchorage. The authors concluded that 
direct fixation of the hyrax expansion screw at the palatal bone produced                
10 degrees less molar tipping than tooth-supported expansion.
110
 
Nelson et al 
78
evaluated a sample of 28 subjects late-adolescent, these 
patients were divided into two groups one group received a bone-borne                   
(C-expander, 15) and the other group tooth-borne (hyrax, bands on premolars 
and molars, 13) The outcome was evaluated through CBCT. He concluded 
that expanders produced greater orthopedic effects and fewer dentoalveolar 
side effects compared to the hyrax expanders. 
Advantages of implant-supported rapid maxillary expansion  appears 
to produce less dental tipping and more  of a skeletal expansion, shorter 
treatment times, increased anchorage for expansion, and less periodontal 
effects.
98 
Lee et al (2014)
72
 analyzed stress distribution and displacement of the 
craniofacial structures resulting from bone-borne rapid maxillary expanders 
with and without surgical assistance using finite element analysis. 
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He found similar amounts of stress and displacement of the teeth, 
midpalatal sutures, and craniofacial sutures. it is recommended to assist it with 
midpalatal suture separation, which requires minimal surgical 
intervention.
55
Although the bone borne expansion produces more skeletal 
expansion, there are very fewer studies which have been documented on the 
effectiveness of bone-borne appliance. The drawbacks bone-borne device is 
that it causes peri-implantitis, implant failure or due to residual force during 
expansion. 
These downsides can be overcome by hybrid-hyrax expansion, which 
takes up anchorage by the means of mini-screw, and the appliance can be 
stabilized by using a stabilizing wire emerging from the device to a dental unit 
and this is assumed that these are as effective as bone borne palatal 
expander.
71 
The utilization of either 2 or 4 miniscrews in current available design 
to support the expander in palate. Beside this, there are other variations such 
as depending on the location, the number, the length of the miniscrew and the 
depth of screw penetration, to create a Monocortical or bicortical 
anchorage.
4,77
 
Bryan T. Brettin (2008)
 19
 reported that bicortical anchorage provides 
superior anchorage resistance, reduced cortical bone stress, and superior 
stability compared with monocortical screws. Monocortical screws were 
significantly more mobile after force application than bicortical screws. 
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Arash Poorsattar-Bejeh Mir (2016) 
4
compared the bicortical fixation of 
a palatal miniscrew in comparison to monocortical anchorage with same 
cortical layer thicknesses and concluded that models with bicortical fixation 
and thicker nasal cortex sustained lower strain energy when subjected to 
horizontal traction load.
 
Lombardo et al.
 77
 concluded that the bicortical fixation of a miniscrew 
(1.5 mm palatal side and 1.5 mm nasal side) in hard palate when subjected to 
horizontal force with frictional contact may enhance the success rate, probably 
by lowering the cancellous layer stresses with resultant higher stability.  
Won moon
86
 proposed the concept of bicortical anchorage and 
modified hybrid mini-screw supported expansion device called maxillary 
skeletal expander. The first edition of this appliance utilizes the concept of bi-
cortical anchorage and stabilized wire connecting the body of expansion screw 
to the molar bands. The device was referred to as MSE-1 .It was hypothesized 
that the purpose of the connecting rigid wire to the molar bands was primarily 
for stabilizing the appliance and not for anchorage purpose.  
Clinical trials and case reported by Won Moon and his colleagues have 
documented that there was higher percentage of skeletal expansion with    
MSE-1 which was justified in comparison to the outcomes reported with 
MARPE, Hybrid Hyrax expander and bone-borne expander. Clinical study by 
Evan and N.R.Krishnaswamy
37
 reported that although the quantum of skeletal 
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expansion was greater with MSE. There was still a significant amount of 
dento-alveolar expansion and dental tipping. 
Recognizing these drawbacks, a newer version of maxillary skeletal 
expansion (MSE 2) was introduced by Won Moon
30
 which supposedly 
produces greater skeletal expansion because the connecting arm between the 
body of the expander and molar bands is made of fully annealed soft stainless-
steel wire which is incapable of transmitting expansion forces to dentition. The 
purpose of this wire is only for stabilizing the appliance and not for recruiting 
the teeth for anchorage. 
To the best of our knowledge very few clinical trials have been 
conducted with the second generation MSE device. Hence, this study was 
conceived to evaluate the clinical efficacy of MSE-2 in bringing forth true 
skeletal expansion of maxilla and also document the changes in mid-palatal 
and Circum-maxillary Sutures. 
The type of expanders used in the present study is maxillary skeletal 
expander-2 with 4 mini-implant 1.8mmx11mm self-drilling micro-implant 
placement using Mini implant handle/Wrench (Biomaterials Korea, Seoul, 
South Korea). 
The size of the implant used is to promote bi-cortical anchorage and 
the stainless-steel arms emerging from the appliance was adapted to the palatal 
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contour at a separation of at least 2 mm.The wire connecting the body of the 
expander to the molar bands augments the stability of the device. 
Three-dimensional imaging 
Advantages offered by three-dimensional imaging with respect to 
diagnosis and treatment planning in orthodontics. Combination of 
conventional radiography and computerized volumetric reconstruction to 
produce a three-dimensional image that can be used for orthodontic purpose.
63
 
The accuracy of measurements obtained with CBCT images were 
evaluated and compared to physical measurements on a dry skull and found 
the measurement error to be 0.45 – 1.44%. 
Measurements on a accuracy grid from i- Cat scans exhibited the three-
dimensional accuracy to be universally within the tolerance of +/-1 pixel
.21
  
Periago and Scarfe et al. 
95
also found there was very minimal 
differences in linear measurements between CBCT scans and those on dry 
skulls, which was statistically insignificant.  
In addition to the volumetric data that is obtained from CBCT. A 
software to interpret and measure the area of analysis is essential, several 
commercial software’s are available in the market and the Dolphin 3D 
software (Dolphin Imaging& Management Solutions, Chatsworth, CA) 
regarded to be clinically accurate for craniofacial analyses.
19,27    
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In this study Pre- and posttreatment CBCT images were obtained on a 
Kodak equipment (Model CS 9300, Carestream Health, Inc, Rochester, NY, 
USA) which was set at 8.0 mA and 70 kV and images were acquired for 6.15 s 
and with an axial slice thickness of 0.18 mm. During image acquisition, the 
patients were oriented to ensure that the Frankfort horizontal plane was 
parallel to the floor. This is an established protocol. 
The Digital Imaging and Communications in Medicine images were 
imported, and cross-sectional slices were made with the help of Dolphin 
imaging software (version 11.5, Dolphin Imaging and Management Solution, 
Chatsworth, CA, USA) and its validity is well documented in the literature
46
 
Further, transverse expansion of maxilla and the influence of 
expansion device on the mid-palatal suture, alveolar bone, dentition, 
supporting structure and adjacent areas have all been evaluated using three-
dimensional volumetric data.  
However, the landmarks and planes that have been used are those that 
are conventionally used with 2-D cephalometry and P-A ceph. But a few 
studies  (Danielle and Won moon 2018)
32
 which have utilized landmarks and 
planes generated exclusively for volumetric analysis not only to evaluate the 
extent of change in the transverse dimension in maxilla and nasal cavity, but 
also, in other structure of craniofacial region. Hence, the objective of the study 
was to observe and document the changes induced by MSE device in the oral, 
nasal and circum-maxillary sutures using 3D analysis. 
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Activation protocol 
Various advocates
99 
of palatal expansion suggested different activation 
protocols for the conventional hyrax expander. The most frequently used is the 
Timms activation protocol –900 rotations in morning and evening until the age 
of 15 yrs., for those in the age of   15-20 yrs. 45
0
 activation 4 times a day is 
preferred, for those over 20 yrs. Initial 90 degrees, followed subsequently by   
45 degrees in the morning and evening has been advocated. And for patients 
over 25yrs he prefers SARME.
 100
 
Moon
20
 recommends 3 turns/per week for patients in the age group of 
10 -I5 yrs, 1 turn/day for patients between 15-19 yrs, 2 turns/day for patients 
between 20-25 yrs, over 25 yrs more than 2 turns/day.  After the appearance of 
a diastema it is essential to activate the hybrid expander 1turn/day, till desired 
amount of expansion is achieved. 
Mcnamara, Handelman and Alpern
41 
recommend activation turn; no 
more   than 1 turn every third to fifth day in older patients. If expansion is 
done at a faster rate palatal suture does not separate in mature patients.
 
Handelman
38
 stated that skeletal expansion in younger patients to be 
more successful as there is less resistance at the suture. He further argues that 
non-surgical skeletal expansion in adults is a necessary and safe practice 
resulting from displacement of the alveolar process. This bending of the 
alveolar process was reported to be of 12.90% to 33.01% of the total 
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expansion achieved. it is reasonable to expect alveolar expansion would 
contribute more to the expansion in adults, unlike in children where there is 
more sutural expansion. 
We preferred an activation protocol of 2 turns per day since the mean 
age group of our patients was 20.5 years. 
This protocol has been advocated by Moon
20
, the same activation 
protocol was followed to ensure that there is no difference in the surface 
response due to the activation protocols. 
The approval for the study was obtained from the appropriate 
authority, and the patient’s consent was obtained.  
Reference planes 
Several methods
117
 have been proposed to evaluate the skeletal 
morphology of the midface and the skeletal changes induced by orthopedic 
appliances. Problems with the existing reference plane makes it difficult to 
document changes in the circum-maxillary sutures especially the 
pterygopalatine area where greater resistance is noted.  
In order to overcome these problems, in the present study the three 
reference planes that has been recommended by Danielle and Won moon
32 
were employed: the Maxillary sagittal plane (MSP), Axial palatal plane (APP) 
and V-coronal plane (VCP). These planes were suggested by Daniele 
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Cantarella and Won moon (2017)
32
 in order to establish a procedure that 
enables to analyse the movements of various skeletal structures induced by 
rapid palatal expansion. The main reference plane is the maxillary sagittal 
plane (MSP)
 
proposed by Ucar
6
, which passes through the anterior nasal spine
, 
posterior nasal spine and Nasion. This plane passes though the “center of the 
face” and midpalatal suture, where the movement of the bones in midface 
originate during the maxillary expansion. During expansion, the bones move 
away from the maxillary sagittal plane, and using this reference point the 
linear and angular changes of the maxillary and circummaxillary bones can be 
described. The use of the maxillary sagittal plane combined with the 
superimposition technique utilizing the gray scales of the anterior cranial base 
allowed accurate superimposition of pre- and post-expansion CBCTs and 
detailed description of how the midpalatal sutures split.
29 
The axial palatal plane (APP) is perpendicular to the maxillary sagittal 
plane (MSP) and passes through the anterior nasal spine (ANS) and the 
posterior nasal spine (PNS). 
The V-coronal plane (VCP) is perpendicular to the maxillary sagittal 
plane (MSP) and to the axial palatal plane (APP) and passes through the most 
posterior point of the vomer (V point) 
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Split of the midpalatal suture and movement of maxillary bones in the coronal 
and horizontal planes 
The split of the midpalatal suture in the axial palatal section (APS) was 
analyzed. Since the response of this suture is not only governed by its own 
maturity but can also be influenced by the surrounding sutures. In order for the 
maxillary bones to move, several circummaxillary sutures must be 
disarticulated and other perimaxillary structures must be displaced on both 
sides of the skull. More movement of the maxilla can take place on the side of 
the skull with less challenging circummaxillary resistance. 
Nathania and Benny (2018)
91
 analyzed the difference of stress 
distribution of maxillary expansion using RME and MSE and the region of 
interest was First molars, Palatal alveolar bones of first molar region, palatine 
sutures, zygomatic sutures, miniscrews and their surrounding bones. The stress 
distribution in RME group were located at the palatal alveolar region of first 
molar, pulp chamber of first molar and inferior cortex of palatine sutures and 
in MSE group were located at the distopalatal cusp of maxillary first molar 
and palatal side of the palatal alveolar of maxillary first molar, inferior and 
superior cortex of palatine suture.  
In all the samples there was an evidence of a split in midpalatal suture, 
similar observation has been reported by Won moon and co-workers. The use 
of four micro-implants in the MSE with bi-cortical engagement which 
promotes the separation force to be concentrated directly against the maxillary 
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bones, with minimal loading of the dentition results in the split of the 
interlocked sutures even in mature patients. 
In the horizontal plane, the greatest opening of the midpalatal suture 
has been found anteriorly, with progressively less separation towards the 
posterior part 
10,11
. FEM studies analyzed the separation of maxillary bones in 
the cranial sections (at the level of the frontal process of the maxilla) and 
found that more parallel expansion can be achievable
12,13.14
 
Lione et al.
8
 utilized a tooth-borne maxillary expander activated by 7 
mm on all patients and found that the opening of the midpalatal suture was 
3.01 and 1.15 mm at ANS and PNS, respectively. The split at PNS  in respect 
to ANS was about 40% ,presenting a V-shaped expansion pattern. 
In our study we used three axial slices on the CBCTs (APS, LNS, 
UNS) to analyze the movement of the maxillary bones at the level of the 
midpalatal suture. 
Landmarks have been identified in the bones and their distance from 
the maxillary sagittal plane has been measured in the pre- and post-expansion 
CBCTs. The treatment change was equivalent to the lateral movement of each 
landmark. 
The borders of the midpalatal suture moved almost parallel to each 
other in the axial palatal plane, the amount of split at PNS was 75 % of ANS 
and the movement of maxillary bones became progressively more “V-shaped’ 
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with more movement in the anterior region than posterior region in the lower 
nasal section and upper nasal section.  
Lin (2015)
75
 in his study compared tooth-borne and bone-borne rapid 
maxillary expanders using the help of high resolution CBCT in late 
adolescence and reported both expanders produced expansion, but maxillary 
skeletal expander produced greater orthopedic effects and a near parallel 
opening of the mid-palatal suture. 
This is probably due to greater level of resistance against expansion 
offered by circummaxillary structures, particularly the sphenoid and the 
zygomatic bone. Isaacson RJ, Wood JL 
61
 and Ballanti F, Lione R, Baccetti T, 
Franchi L, Cozza P.
8 
achieved a more parallel expansion of the midpalatal 
suture as well. The fact that four micro-implants are utilized in the MSE and 
the device is placed more posteriorly than other expansion devices, probably 
promotes these two halves to move parallel to each other during the maxillary 
expansion. 
Similar observation has been reported by Danielle and Won Moon
32
 
stating that the borders of the midpalatal suture moved almost perfectly 
parallel to each other since the amount of split at PNS (4.3 mm) was 90% of 
that at ANS (4.8 mm). 
In the coronal plane, the pattern of lateral movement was evaluated by 
the ratio between the increase in maxillary inclination (the average of right and 
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left side) and the increase of the inter-zygomatic distance. As the 
zygomaticomaxillary complex is laterally displaced, the maxilla rotates 0.3 for 
each mm of increase of the lower inter-zygomatic distance, indicating more of 
a parallel pattern of movement with MSE appliance. Similar observation was 
reported by Daniele Cantarella and Won moon
32
 stating that maxilla rotated 
0.5 per mm of increase of lower inter-zygomatic distance and reported that 
MSE resulted in a more parallel movement of maxillary bones both in the 
horizontal and coronal planes in 3D space. 
Changes in the pterygopalatine suture 
Maxilla is attached posteriorly to the sphenoid bone via the palatine 
bone, the pterygopalatine suture has been the object of study by several 
authors during maxillary expansion 
32
. some studies focused on the 
pterygopalatine suture only at the level of the approximation between the 
tuberosity of the maxilla and of the pterygoid process. 
The observation was confined to the behavior of the suture between the 
pterygoid and maxilla during expansion and there was no attempt to quantify 
the extent of separation between the maxillary tuberosity and the pterygoid 
process. Other studies also have analyzed the inclination change in the 
pterygoid processes of the sphenoid and illustrated a possible bending of these 
processes during maxillary expansion, in order to describe the process more 
accurately  
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Lione 
8
stated that the width between the pterygoid processes of the 
sphenoid bone was significantly increased after RPE therapy in humans. These 
findings were supported by Gautam, Jarafi and Baldawa
40
 in FEM studies 
based on cone beam computed tomography (CBCT) of a 7, 12 and 20 years 
old human skull respectively. All of these studies opine that the pterygoid 
processes can be displaced laterally, but will not detach from the body of the 
sphenoid bone. 
Timms (1980)
111
 suggests that the pterygoid plates can bend only to a 
limited extent as pressure applied to them, and their resistance to bending 
increases in the parts closer to the cranial base. On the other hand, the 
analytical results obtained in the present study show that the inferior and 
middle parts of the pterygoid plates markedly displace or bend laterally, and 
high stresses develop particularly in the region close to the cranial base where 
the plates are more rigid. 
Bishara 
16
 reported that the pterygoid processes are subjected to 
bending anteriorly during RPE. Melsen and Baccetti 
41
 with dry human skulls, 
who affirm that a spontaneous opening of the pterygomaxillary suture is not 
expected during RPE with tooth-borne expanders because of the extensive 
interlocking of the corresponding bone surfaces. Acar and Wertz
117 
on the 
other hand considered that the disjunction of the maxillopalatine complex 
from the pterygoid plates of the sphenoid could provide a possible answer to 
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why point A and the entire maxilla moved forward significantly during RPE in 
few rare instances. 
Lee et al.
73
 used finite element analysis to confirm there are higher 
stresses in the pterygoid region during expansion. Ghoneima et al
.25
 found 
negligible expansion of the pterygomaxillary suture as a result of RME, 
leading to the possibility of force being transferred directly posterior through 
the suture. 
In our study, three axial sections (APS, LNS, UNS) were used in order 
to analyze the pterygopalatine suture during maxillary expansion. Width of 
opening in the post-expansion CBCT were assessed in all three planes. 
In our study, the distance between the lateral and the medial pterygoid 
plates was 0.2 mm and 0.11 mm (Rt and Lt side) resulting in minimal bone 
bending of the pterygoid process. 
This is in contrast to the report of Danielle and Won moon 
32
who 
documented a opening of lateral and medial pterygoid plates of about 1.3mm 
and 2.17mm (right and left) respectively illustrated that the pterygopalatine 
suture can be separated by a (MSE) as confirmed by the openings between the 
lateral and medial plates of the pterygoid processes (APS) and by the lateral 
slide in the pterygomaxillary fissure (LNS) considering the post-pubertal ages 
of MSE patients Opening of  medial and lateral pterygoid plates reported in 
Danielle’s study was attributed to the fact that during maxillary expansion the 
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pyramidal process of the palatine bone is pulled out of the pterygoid notch 
leaving the “openings” between the lateral and medial pterygoid plates of the 
pterygoid processes, detectable on the CBCTs. This indicates a loosening of 
the lower part of the pterygopalatine suture with MSE. The size of opening 
depends on the size of the pyramidal process of the palatine bone, which 
presents large variability in shape and size among the population. If a partial 
disengagement of the pyramidal process from the pterygoid process occurs, 
such as in the case where only a minor movement of the maxilla was required, 
the opening does not become complete and hence presents a smaller size. 
As the maxilla moves laterally during expansion, the palatine bone is 
pulled laterally by the expanding maxilla; As a result, the sphenoidal process 
is forced to bend in a lateral direction.  
In our study, the lateral movement of the pterygoid process was 
smaller in the upper nasal section (0.21 mm and 0.16 mm) than in the lower 
nasal section (0.8 mm).  
This is in contrast to the documentation reported by Danielle et al 
32
 
compared to our study the reason could be due to the small sample size and 
ethnicity. 
The loosening of the pterygopalatine suture is also enhanced by the 
forward movement of maxilla the forward movements of maxillary halves 
were 0.2 mm (Rt and Lt side) in the lower nasal section, and much less in 
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upper nasal section. The forward movement of the maxilla can be simply due 
to the disarticulation in the sutures located posteriorly to the maxilla, 
especially in the pterygomaxillary region. This movement may be associated 
with the rotational effect that takes places in the horizontal plane during the 
maxillary expansion since the entire zygomaticomaxillary complex rotates 
laterally with a center of rotation located near the proximal portion of the 
zygomatic process of the temporal bone. This rotational movement can 
promote forward displacement of maxillary halves. 
Rotation of the zygomaticomaxillary complex in the coronal plane 
The upper inter-zygomatic distance increased by 0.3 mm and the lower 
inter-zygomatic distance increased by 4.1 mm in the coronal zygomatic 
section (CZS), indicating that the lower part of the zygomatic bone moved 
laterally more than its upper part. The frontozygomatic angle (FZA) increased 
by 1.7° and 2.8° (Rt and Lt side) illustrating the rotational movement of 
zygoma during the expansion. 
The zygomaticomaxillary angle (ZMA) 1.5 and 0.9, indicating slight 
rotational movement of the zygomatic and the maxillary bone during 
maxillary expansion, and they together rotate around a common center of 
rotation. The above data suggest that the maxilla rotates outwards together 
with the zygomatic bone, and that the center of rotation for the 
zygomaticomaxillary complex is located near the frontozygomatic suture.  
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A similar conclusion was drawn by Danielle
32
 in his study reporting 
the rotational movement of zygoma. But he reported that zygomaticomaxillary 
angle (ZMA) underwent negligible changes, indicating that the zygomatic and 
the maxillary bone do not change their relative relationship during maxillary 
expansion and the upper part of the maxilla underwent a larger lateral 
displacement in MSE patients, leading to a larger lateral movement in the 
lower part of the zygomatic bone. 
Bishara and Staley (1987)
16
 suggest that the resistance to mid-palatal 
suture opening is not just the resistance caused by the suture itself, but also  
the surrounding structures (sphenoid and zygomatic bones). In fact, the highest 
stress levels in this investigation were observed at the sphenoid and zygomatic 
bones, particularly at the superior parts of the pterygoid plates of the sphenoid 
bone, and anterior part of the zygomatic bone 
Gardner 
38
 in his study with rhesus monkeys and Gautam in his FEM 
study found that the center of rotation of the maxilla is close to the superior 
orbital fissure. These results are more in agreement with the data obtained in 
our study. 
Nasal cavity and cranial structures 
In the present study, we found that maxillary expansion affects the 
maxillary and several circummaxillary bones and sutures. The expansion 
produced in the lower nasal section and in the upper nasal section shows that 
the transverse dimension of the nasal cavity can be increased with maxillary 
expansion appliances. MSE produced substantially larger lateral displacement 
Discussion 
 
74 
 
of the maxilla both in the lower nasal section and upper nasal section. This 
increase in the transverse dimension of the nasal cavity supports the studies 
that suggested that a reduction in the nasal airflow resistance is an orthopedic 
effect of RPE.  
According to a systemic review by Farhan et al
112
 evaluated the 
amount expansion achieved with tooth-borne hyrax, he concluded that nasal 
cavity expanded to an average of 1.2mm to 2mm and the zygomatic level it 
expands up to 0.30 mm to 0.45mm which was statistically insignificant. 
And in a recent study done by Carlson and Moon
20
, when expansion is 
done with hybrid hyrax, expansion of the nasal cavity at an average of 3mm to 
4mm and the zygomatic level it expands up to 4.4 mm which was statistically 
significant.  
Significant increases in the width of the circummaxillary sutures, such 
as the internasal, nasomaxillary, frontomaxillary and frontonasal sutures, was 
evident in our sample has been found in various studies demonstrating that 
these areas are affected by maxillary expansion appliances  
The use of implant-supported expansion appliances for maxillary 
expansion eliminates some of the negative side effects of traditional RME, 
particularly dental tipping. 
Soft tissue complication was noted in this study for two patients after 
placement of the expansion device, which was relieved after medication. 
Low sample size was the limitation of the study. 
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CONCLUSION 
This observational clinical study was designed to evaluate the effectiveness of 
maxillary skeletal expander-2 and assess the effect of the expander on the                
mid-palatal and circum-maxillary sutures using high resolution Cone beam 
computed tomography (CBCT). 
The following conclusion are: 
1. The maxillary skeletal expander-2 produced more skeletal changes 
than dental changes. 
2. In the horizontal plane, the split of mid-palatal suture was near parallel 
accompanied by less bone bending and less molar tipping. 
3. In the coronal plane, the pattern of lateral movement of maxillary 
bones was rotatory with more movement at the crown level and less 
movement at the zygomatico-maxillary suture level.  
4. The center of rotation, in the coronal plane for the 
zygomaticomaxillary complex was located near the frontozygomatic 
suture. 
5. The pterygoid processes of the sphenoid bone bent laterally during the 
maxillary expansion followed by the lateral movement of the maxilla, 
and the movement was larger at the bottom of the processes than at the 
top. The pterygoid processes did not undergo anterior displacement. 
6. MSE induced lateral dislocation of the maxillary bones, increasing the 
transverse dimension of the nasal cavity and potentially improving the 
nasal airflow.  
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